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Abstract 
 
 
Endocrine Disrupting Chemicals (EDCs) are a diverse array of natural and manmade 
substances capable of interfering with hormonally mediated processes. They are 
particularly harmful to cells that are differentiating and dividing rapidly, can stimulate 
unwanted cell growth, and can interfere with normal epigenetic imprinting causing 
changes that in some instances are heritable. Due to their epigenetic effects and 
effects on tissue growth and development, organisms at certain life stages are more 
vulnerable than others and effects may manifest a long time after exposure. The risks 
posed to human and environmental health by these compounds are currently 
unknown, but there is a growing scientific consensus that precautionary measures and 
further research to understand and quantify these risks are needed. Endocrine 
Disrupting pesticides represent a subset of EDC capable of reaching humans from a 
diverse range of sources via many different exposure routes. No definitive lists or 
screening methodologies exist to identify them. In the UK, exposure routes involving 
occupational pesticide use for agricultural purposes or the residues of these pesticides 
in food and water are well quantified but other sources of exposure are not. If risk 
management measures are to be enacted to protect the population, these exposures 
will have to be quantified and the risks they pose assessed. This project aims to 
identify the hazards posed by ED pesticides to humans living in the UK, prepare a 
framework for the assessment and management of risks they pose, identify the tasks 
that remain to be completed before such a framework could be implemented, and to 
investigate poorly documented ED pesticide exposure sources.  
 
Current toxicological testing of pesticides was found to be inadequate. Properties 
frequently exhibited by EDCs, such as non-monotonic (j-type) dose responses and the 
additive and synergistic actions of compounds were not taken into account. Only 
active ingredients are legally required to be tested even although adjuvants used to 
improve formulation effectiveness are not always inert and formulations can be more 
toxic or have greater ED potential than their active ingredients alone. Adjuvants are 
assessed on a reactive basis, which is not adequate to protect public health. A tiered 
risk assessment and management framework capable of screening potential ED 
 iii 
pesticides and making recommendations for risk management can be created using 
existing deterministic and probabilistic models of human pesticide exposure. The 
identification of critical groups that are more vulnerable than the general population to 
the effects of EDCs allows risk assessment and management to be tailored to protect 
these groups, allowing the risk to both these groups and the general population to be 
minimised, in keeping with the precautionary principle. Further work is required, 
however, to collect appropriate datasets to model non agricultural exposure routes and 
model the exposure of rural residents and bystanders. Assumptions made in the 
creation of foreign models would need to be checked to ensure they were compatible 
with UK conditions. Appropriate ADIs for EDCs showing non-monotonic dose 
responses would also need to be determined, and exposure profile differences between 
people living in urban, periurban and rural environments would also have to be taken 
into account.  
 
A number of ED pesticides used for medicinal, veterinary and domestic purposes and 
the municipal and commercial maintenance of infrastructure and recreational areas 
were identified. Unfortunately little could be determined about the factors influencing 
their use by the public. The number of years spent in secondary education correlated 
positively with non ED medicinal pesticide use and both ED and non ED veterinary 
and domestic use. It was unclear why this should be. Golf courses were the most 
heavily treated publicly accessible areas studied and used the most ED pesticides. 
Large parks received least, with pesticide use concentrated on hard surfaces and high 
maintenance ornamental areas. Pesticide use in parks is dominated by herbicides. 
Applications to pavements and other publicly accessible hard surfaces consisted 
almost entirely of glyphosate based herbicides. Herbicide applications on pavements 
and in parks mostly take place in the spring and early summer. The bulk of pesticide 
applications on golf courses were applied in the autumn. Contractors carrying out 
maintenance work for local authorities were found to use more pesticides than local 
authority employees. Non chemical methods of ectoparasite, pest and weed 
prevention and control have the potential to reduce pesticide use. Some of the 
methods currently in use, however, were found to be more costly and challenging to 
implement than chemical methods. The integration of these into parasite, pest and 
weed prevention and control strategies where possible and their further should be 
encouraged. 
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1. INTRODUCTION 
 
In 1993, the distinguished biologist Theo Colborn introduced the term endocrine-
disruption to describe the properties of manmade chemicals, including pesticides, that 
interfered with hormone mediated development and homeostasis in wildlife (Colborn 
1993). This definition has subsequently been expanded to include naturally occurring 
chemicals. Endocrine Disrupting Chemicals are particularly harmful to cells that are 
dividing and differentiating rapidly, such as during gamete formation, embryonic 
development, metamorphosis or smoltification (Hayes 2002b) and exposure during 
these times can result in adverse health effects later in life (Birnbaum 2003). The 
Prague Declaration of 2005 stated that due to the ubiquitous distribution of EDCs in 
the environment and the threats they pose to humans and wildlife, precautionary 
measures and further research were needed urgently. A recent scientific statement 
published by the American Endocrine Society reinforced this declaration whilst 
calling for greater use of the precautionary principle and for more work to identify 
EDCs as “results from basic research and epidemiological studies make it clear that 
more screening for exposures and targeting at-risk groups is a high priority” 
(Diamanti-Kandarakis et al. 2009).  
 
The risks posed by these compounds to human and environmental health are currently 
unknown. Sources of these compounds in the environment, the pathways by which 
they reach sensitive receptors and their effects on these receptors must be determined 
before the effectiveness of risk mitigation measures can be assessed. Numerous 
pesticides have been listed as confirmed or suspected EDCs including 101 listed by 
the Environment Agency of England and Wales, The German Environment Agency, 
The European Union Community Strategy for EDs, the Oslo and Paris Commission 
and the World Wildlife Fund (PAN 2009). This study is primarily concerned with ED 
pesticides. Some of the older, more toxic and persistent pesticides identified as EDCs 
have been banned, but other compounds formulated to replace them, including many 
organophosphate, carbamate and pyrethroid pesticides, have been found to have ED 
properties (Porter 1993; Ragnarsdottir 2000; Kim 2004) as have some of their 
metabolites (McCarthy 2006; Meeker 2009). An effective screening process to 
identify new and existing EDCs, including pesticides, is required. 
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According to the UK Crop Protection Association, around 28 000 tonnes of pesticides 
were sold for agricultural use in 2007 whilst only 1000 were sold for industrial and 
amenity uses, including forestry (Pesticides forum 2008). It is unsurprising, therefore, 
that pesticide monitoring and harm reduction measures have focused on exposure to 
agricultural pesticides via pathways such as food, water and occupational use. Other 
exposure sources and pathways have received little attention (McKinlay, et al. 2008b). 
Domestic pesticide use in the home and garden and their use as human and animal 
medicinal treatments are exposure routes capable of reaching sensitive human 
populations, including children and pregnant women. Pesticides used municipally and 
privately to maintain infrastructure, green spaces, recreational facilities and other 
amenities are another potentially important source of exposure. Since almost 90% of 
people in the UK live in urban or periurban areas (Denham 1998), the risks posed by 
exposure to pesticides used outside agriculture require consideration. 
 
The effects of EDCs on animal and human populations are diverse and long lasting. In 
amphibians, males from populations exposed to the herbicide Atrazine exhibit 
elevated incidences of hermaphroditism, under-developed gonads, and development 
of eggs in the testis (Hayes 2002a; Hayes 2002b; Storrs 2004; Reeder 2005). These 
effects are thought to have contributed to widespread population declines of at least 
one affected species, the North American Leopard Frog, Rana pipens. Gonad 
malformations in American alligators (Alligator mississippiensis) living in Lake 
Apopka, Florida have been attributed to a spill of organochlorine pesticides and 
polychlorinated biphenyls (PCBs) (Ross 1995; Bergman 2001; Sormo 2003; Sørmo 
2005) and population declines in seals in the Baltic Sea have been attributed partly to 
ED pollutants compromising their immune systems (Olsen 1993; Mañosa 2003; 
Weber 2003; Rattner 2004). Abnormal sex ratios, neurological and reproductive 
developmental disorders and increased incidences of cancers, immunological and 
endocrine diseases have been recorded in human populations around the Great Lakes 
of northern America, who are exposed to persistent EDCs, including pesticides, 
present in fish caught in the lakes (Gilbertson 2001). The incidence of cryptorchidism, 
the failure of one or more of the testes to descend from the abdomen to the scrotum, in 
babies has been found to correlate with in utero exposure to organochlorine pesticides 
(Damgaard, et al. 2006), and the sons of women occupationally exposed to pesticides 
3 
 
have shown both gross anatomical differences, such as decreased penis length and 
testicle volume as well as hormonal abnormalities (Andersen, et al. 2008). 
Occupational exposure of men to certain pesticides, particularly chlorinated 
pesticides, methyl bromide and permethrin has been linked to prostate cancer 
(Alavanja, et al. 2003). The presence of persistent pesticides and PCBs in the fat and 
blood of women has been correlated with reproductive cancer incidence and tumour 
recurrence (Muscat, et al. 2003; Rusiecki 2005; Mathur, et al. 2008).          
 
Scientific studies to determine the hazards posed by EDCs are difficult to conduct. 
Measuring pathological endpoints is difficult in laboratory experiments for a number 
of reasons. Many of their physiological effects are still poorly understood, leading to 
scientific uncertainty about the interpretation of incidence trends of the conditions 
they have been linked to. It is generally assumed that chemical substances will show a 
simple monotonic dose– response curves, but some ED pesticides have j-type dose– 
response curves (Hayes, et al. 2003; Welshons, et al. 2003), whereby the toxic effects 
decrease as the dose decreases, until at very low doses (often as low as parts per 
billion or even trillion) their effects increase (Welshons, et al. 2003). It is also the case 
that some substances act synergistically with other chemicals commonly found in the 
environment (Little, et al. 2004; Carr et al. 2006; Collins et al. 2006). There may be 
long latencies between exposures and the effects becoming manifest, with exposures 
at critical points in development resulting in adverse effects later in life, which can 
occur decades later in long lived species such as humans (Herbst, et al. 1971; Sharpe 
2006). Exposure can result in epigenetic changes in gametes causing adverse effects 
lasting several generations (Crews 2006). These effects must be understood and taken 
into account if the hazards posed by ED chemicals are to be properly taken into 
account by risk mitigation measures. 
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This thesis aims to review of current knowledge on how EDCs affect human and 
animal physiology, identify pesticides known or suspected to be EDCs, explore how 
such compounds reach humans and carries out risk analyses as a basis for developing 
risk mitigation methods. It aims to include ED pesticides which reach humans via 
routes of exposure previously overlooked in pesticide risk assessment, examining the 
risks posed by these where possible.  To achieve these aims, the following objectives 
were set: 
 
• To assess whether current pesticide risk assessment and management policies take 
ED pesticides into account and identify areas in which current approaches are 
inadequate. 
 
• To attempt to create a tiered framework for ED pesticide risk assessment and 
management capable of screening suspect compounds and identify further work that 
needs to be done to implement this framework. This should include novel strategies 
tailored to the specific hazards posed by EDCs. 
 
• To investigate sources of ED pesticide exposure identified as poorly documented to 
determine the types of compounds being used, whether EDCs were in use and if 
possible investigate where, when and how much of the compounds were used. 
 
• To recommend how pesticide exposure from these sources could be reduced. 
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2. BACKGROUND AND LITERATURE REVIEW 
 
2.1 Introduction 
 
This chapter gives an introduction to the endocrine system and its functions, the 
effects of EDCs on this system and how they affect entire organisms and populations.  
The endocrine system exists as a means of intra- and intercellular communication 
using specialist chemical messengers referred to collectively as hormones. Each 
hormone is specific to a cellular receptor which is expressed by their target cells. By 
binding to their receptors they pass information between adjacent cells of the same 
type (autocrine signalling), between cells of different types in the same tissue 
(paracrine signalling) and between entirely different tissues (endocrine signalling). 
Hormone mediated communication also occurs within individual cells (intracrine 
signalling). Significant overlap exists between the neural and the endocrine systems. 
Specialist neurones, known as neuroendocrine cells, secrete hormones in response to 
neuronal input. Most hormones can be classified as steroids, peptides and amines, 
depending on their structure. They allow processes within cells and organisms to be 
regulated and coordinated, including some aspects of behaviour, responses to 
environmental stimuli and all aspects of growth and homeostasis.  
 
A wide range of natural and manmade chemicals are capable of mimicking hormones 
or interfering with their synthesis. The term “Endocrine Disrupting Chemical” was 
first introduced to describe these substances by the eminent biologist Dr Theo 
Colborn at the Wingspread Conference work session on reproductive effects of  
chemical contamination in 1991, although their effects had been noted far earlier in 
both wildlife and humans (Markey et al. 2003). EDCs are an exceedingly 
heterogeneous group of compounds. They include metals and organometals, natural 
phytoestrogens and animal hormones, synthetic chemicals used in industry, as drugs 
and as pesticides. EDCs that mimic hormones and bind to their receptors can either 
cause the cells to give the same response as they would to the natural hormone or 
disable the receptor. Some can bind to the carrier proteins that allow hormones to be 
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transported through the blood stream, resulting in less of the natural hormone 
reaching its intended target tissue. Others interfere with the enzymes such as the 
cytochrome p450 superfamily which are involved with hormone synthesis and 
degradation. Their effects on gene expression include epigenetic alterations which can 
be passed on to an organism’s descendents. The effects of these compounds depend 
on the age of the exposed organism. Gamete formation, embryogenesis, foetal and 
antenatal growth and development are the most vulnerable stages of an organism’s 
life but the effects may not be seen until much later in its lifecycle. Growth stages that 
are heavily dependant on hormonal regulation, such as puberty in mammals or 
metamorphosis in amphibians are also susceptible to EDCs. Disease states involving 
aberrations in the regulation of cellular growth can be triggered or promoted by these 
compounds. Compared with other environmental contaminants EDCs can show very 
unusual toxicological properties. They can combine with different EDCs and other 
chemicals present in the environment to give additive or synergistic dose responses 
(Rajapakse 2002; Kim 2005a). Also, because many have properties similar to natural 
hormones they display similar dose-response curves, which can be biphasic or j-type 
rather than the simple monotonic dose response which are the basis of conventional 
toxicology. 
 
2.2 Origin and Function of the Endocrine System 
 
Hormonal signalling allows cells to sense environmental cues and to cooperate, so it 
is unsurprising that hormone systems arose early in the evolution of life. Genes 
coding for pituitary hormones (Growth hormone, somatolactin and prolactin) are 
thought to have evolved at least 550 million years ago (Park 2005), whilst the genes 
coding for hormones belonging to the insulin family (insulin and insulin-like growth 
factor) date back over 600 million years (McRory 1997). Gonadotropin releasing 
hormone is thought to have arisen before the divergence of the deuterostomes and 
protostomes and in chordates has not undergone any major structural alterations in at 
least 530 million years (Tsai 2006). The functions of hormones and their receptors 
within different organisms vary, even although their structures are the same 
(Kawauchi 2002). Prolactin, for example, controls freshwater osmoregulation in fish 
(Baker 1992; Takei 2001), but is responsible for mammary gland development and 
milk production in mammals (Power 2005). 
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The steroid hormones are thought to be one of the most ancient classes of signalling 
molecule. Modern steroid hormones could not have evolved until after the 
development of photosynthetic organisms 3.5 billion years ago, as the later stages of 
their synthesis involve oxidation reactions. Cholesterol, the precursor of all of the 
steroid hormones, appeared at a very early stage in the evolution of life. It can be 
formed along with the rest of the membrane components and reinforcers found in 
modern cells via several plausible pathways (Figure 2.1) from acrylic polyprenols 
such as sodium di-polyprenol phosphates (Ourisson and Nakatani 1994). These are 
synthesised abiotically under conditions that are thought to have prevailed on the 
prebiotic Earth and are capable of forming vesicles which could have provided 
appropriate conditions for the synthesis and replication of the first bio molecules, 
including RNA (Plobeck, et al. 1992; Ariga et al. 2009). Using phylogenic inference it 
is possible to determine that the gene duplication producing the first steroid receptor 
preceded the divergence of deuterostomes and protostomes, occurring earlier than 600 
to 1200 million years ago (Thornton et al. 2003). Orthologs of genes coding for 
steroid receptors are found in arthropods, molluscs, and nematodes as well as 
vertebrates. Steroids which appear in mammals as adrenocortical and gonadal steroids 
and their biosynthetic pathways are found not only in mammals, but in invertebrates, 
plants and even prokaryotes (Sandor 1979; Thornton et al. 2003).  
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Figure 2.1. Hypothetical evolution of cholesterol and other membrane 
components from prenyl phosphates. Diacylglyceryl phospholipids are shown for 
comparison. H= polar head; M= Membrane component; R= Reinforcer. From 
Ourisson, 1994. 
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Organisms with differentiated body structures are able to transport hormones between 
different tissues via carriers such as blood, sap and haemolymph, and in many phyla 
specialist hormone secreting tissues and organs have evolved. In vertebrates these 
consist of the hypothalamus, pituitary, pineal gland, adrenal glands, thyroid gland, 
parathyroid gland, gonads and pancreas, although most of the other organs contain 
hormone secreting cells. Other tissues also secrete hormones with endocrine 
functions. A summary of the major hormones and their known functions is given in 
Table 2.1. The positions of the major endocrine glands in humans are shown in Figure 
2.2. Some autocrine factors such as prostaglandins and interferons are produced by all 
cell types, and chemical communication between multicellular organisms is achieved 
using pheromones, which are also known as ecto-hormones. The hypothalamus 
represents a nexus between the nervous and the endocrine systems. It consists mainly 
of nervous tissue, much of which originates in other parts of the brain and central 
nervous system. It is affected by neural and hormonal stimuli from around the body. It 
controls the hormonal secretions of the pituitary gland with neural and endocrine 
signals (Figure 2.3.). The pituitary gland, often referred to in medicine as the “master 
gland” secretes 10 or more hormones, and the feedback interactions between it and 
other major endocrine tissues are responsible for the regulation of many important 
processes, including growth, reproduction, thyroid function, osmoregulation and the 
body’s response to stress. Some of these are involved in feedback systems, or “axes”, 
which control important processes in organism development and homeostasis. These 
are shown in Table 2.2.
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Table 2.1. Major Human Hormones and Known Hormone Functions 
 
Tissue Known Hormones Known Functions References 
Specialised 
Hormone 
Secreting Tissues 
   
    
Hypothalamus   (Schally 1978; 
Laycock 1996) 
 Corticotropin-releasing 
hormone 
Stimulates the production of adrenocorticotropic hormone and 
endorphins by pituitary 
(Papadimitriou and 
Priftis 2009) 
 Dopamine Inhibits production of prolactin  
 Ghrelin Stimulates the release of growth hormone from the pituitary. (Mondal et al. 2005) 
 Gonadotropin-releasing 
hormone 
Stimulates the production of follicle-stimulating hormone and 
luteinising hormone by pituitary 
 
 Growth hormone-
releasing hormone 
Stimulates the production of growth hormone by pituitary  
 Melanocyte stimulating 
hormone releasing 
factor 
Stimulates production of melanocyte stimulating hormone  
 Melanocyte stimulating 
hormone release 
inhibiting factor 
Inhibits production of melanocyte stimulating hormone  
 Orexin Increases food intake and wakefulness (Sakurai et al. 1998) 
 Prolactin Releasing 
Factor 
Stimulates prolactin production in pituitary.  
 Somatostatin Inhibits growth hormone and thyroid stimulating hormone in the 
pituitary. Reduces gastrointestinal motility and hormone production. 
Inhibits secretory actions of the pancreas. Involved in the regulation of 
male gamete proliferation 
(Sofikitis et al. 2008; 
Strowski and Blake 
2008) 
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 Thyrotropin-releasing 
hormone  
Stimulates the production of prolactin and thyroid-stimulating 
hormone by pituitary 
(Zoeller, et al. 2007) 
    
Pituitary   (Laycock and Wise 
1996; Papadimitriou 
and Priftis 2009) 
Anterior Adrenocorticotropic 
hormone 
Stimulates androgen and cortisol production in the adrenal cortex  
 Endorphins, 
Enkephalins 
Involved with responses to stress and pain, control of food intake, 
expression of emotion and behaviours including motivation and 
attachment behaviour. 
(Tang 1991) 
 Follicle-stimulating 
hormone 
Stimulates maturation of the germ cells in both sexes, increases the 
production of androgen binding protein in males 
 
 Growth Hormone Stimulates the growth and differentiation of muscle, bone and cartilage 
cells, increases metabolism, stimulates the immune system, and 
inhibits renal excretion of sodium. 
(Carroll, R. et al. 1998) 
 Inhibin Inhibits the production of follicle stimulating hormone. Production 
triggered by Activin. 
 
 Lipotropins (β and γ) Stimulates melanocyte production of melanin, mobilise lipids stored in 
adipocytes, function as haemopoetic factors within bone marrow 
adipocytes. 
(Bucay 2008) 
 Luteinising hormone Stimulates ovulation and the formation of the corpus luteum in 
females. Promotes the synthesis of oestrogens during the early stages 
of pregnancy. Promotes testosterone production in males. 
 
 Prolactin Stimulates milk production in mammary tissue, inhibits ovulation 
during lactation, acts as a cytokine, stimulates foetal lung surfactant 
synthesis, contributes to protection of foetus from rejection by 
maternal immune system, counteracts the effects of dopamine, 
stimulates proliferation of oligodendrocyte precursor cells during nerve 
growth, regulates maternal behaviour 
(Goffin et al. 2002) 
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 Thyroid-stimulating 
hormone 
Stimulates production of Thyroxine and Triiodothyronine by thyroid 
gland 
 
Intermediate Melanocyte-stimulating 
hormones 
Stimulates pigment production in the melanocytes  
Posterior Oxytocin Allows milk to be released from the mammary glands, stimulates the 
dilation of the cervix and contraction of the uterus during childbirth, 
decreases urine excretion and stimulates sodium excretion. Involved in 
control of oestrous
 
cycle length, follicle luteinisation and 
steroidogenesis in the ovary. Also involved in many behaviours, 
namely learning, anxiety, feeding, pain perception, social memory, 
social attachment, sexual and maternal behaviour, aggression and trust 
(Gimpl and Fahrenholz 
2001; Lee et al. 2009) 
 Vasopressin Decreases urine production, raises arterial blood pressure by increasing 
peripheral vascular resistance, involved in regulation of circadian 
rhythm and may be involved in memory formation. 
(Papadimitriou and 
Priftis 2009) 
    
Pineal Gland   (Laycock and Wise 
1996) 
 Melatonin Antioxidant, involved in regulation of sleep-wake cycle, increases 
immune function, promotes REM sleep. 
(Georges 1993; 
Cajochen et al. 1997) 
    
Thyroid   (Laycock and Wise 
1996) 
 Calcitonin. Inhibits the actions of osteoclasts, inhibiting Ca
2+
 loss and decreases its 
blood serum levels, regulates vitamin D levels, promotes satiety, 
inhibits production of other thyroid hormones 
(Morley et al. 1982; 
Ahren 1991; Huebner 
et al. 2008) 
 Thyroxine (T4) Increases metabolism and energy consumption, precursor of 
triiodothyronine. 
(Zoeller et al. 2007) 
 Triiodothyronine (T3) Increases metabolism and energy consumption (Zoeller et al. 2007) 
    
Parathyroid   (Laycock and Wise 
13 
 
1996) 
 Parathyroid hormone Increases blood serum Ca
2+
 levels, mobilises it from bone by 
increasing osteoclast activity and inhibits its loss via urine. Stimulates 
production of physiologically active vitamin D and bone formation. 
(Neer et al. 2001) 
    
Pancreas   (DeGroot 1979) 
 Amylin Co-secreted with insulin, involved in the regulation of the uptake of 
glucose and other nutrients. Inhibits glycogen formation in muscle, 
slows stomach emptying, decreasing food intake. Works with 
calcitonin stimulating osteoblast and chondroblast formation. 
(Richard et al. 1994; 
Kruger et al. 1999; 
Cornish and Naot 
2002) 
 C-peptide Co-produced with insulin, acts as a precursor for it, but does not 
influence blood glucose levels itself. Promotes nitric oxide production 
in arterial endothelial cells stimulating the repair of arterial smooth 
muscle. May be involved in stimulating insulin production. 
(Marques et al. 2004) 
 Glucagon Stimulates the release of glucose from the liver.  
 Ghrelin Produced in pancreas at very low levels, appears to be involved in 
regulation of insulin production. 
(Sun et al. 2007) 
 Insulin Stimulates cellular uptake of glucose, amino acids and other nutrients, 
hydrochloric acid synthesis in the stomach, cell growth, DNA 
transcription, cell replication, glycogen synthesis and lipogenesis. 
Inhibits lipolysis, proteolysis and the autophagy of damaged 
organelles. Triggers arterial dilation increasing blood flow to 
extremities. 
(Kumar and O'Rahilly 
2005) 
 Pancreatic Polypeptide Inhibits pancreatic exocrine secretions. Also promotes glycogenolysis 
in the liver 
(al-Modaris et al. 
1993; Sánchez-
Margalet et al. 1996) 
    
Adrenal Glands   (Laycock and Wise 
1996) 
Cortex Aldosterone Increases retention of water and ions in the kidney. Works together (Molstrom, Larsen et 
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with renin and angiotensin to regulate blood pressure and water 
balance.   
al. 2009) 
 Cortisol Produced in response to stress, increases glycogen, lipid and protein 
breakdown increasing blood glucose levels. Inhibits collagen 
formation and protein synthesis, urine production and the excretion of 
sodium from the small intestine. Increases gastric acid secretion. 
Increases blood serum pH. Prevents the production of T calls and 
reduces interleukin-1 synthesis, which can reduce the function of the 
immune system over time. Reduces bone formation. Stimulates the 
formation of short term memories. Sensitises tissues to adrenaline and 
noradrenalin. 
(Palacios and 
Sugawara 1982; 
Papadimitriou and 
Priftis 2009) 
 Testosterone Involved in the maintenance of bone density and muscle, testosterone 
production responsible for sexual characteristics in males mostly 
centred on testis. Involved in the regulation of energy balance, 
increases energy expenditure and insulin resistance. 
(Clarke and Khosla 
2009) 
 Corticosterone Aldesterone precursor, involved in the upregulation of metabolism, 
immune responses and stress responses. 
 
 Oestradiol Involved in the regulation of catecholamine and glucocorticoid 
synthesis  
(Lopez et al. 1991) 
 Dihydrotestosterone More active form of testosterone  
 Androstenedione Sex steroid precursor, converted to oestrogen or testosterone elsewhere 
in the body. 
 
 Dehydroepiandrosterone Sex steroid precursor like androstenedione, acts as the bodies main 
reservoir/ buffer for these hormones. May have other properties but 
these are not well understood 
(Maninger et al. 2009) 
Medulla Adrenaline  Dilates bronchi and blood vessels, increases heart rate and stimulates 
glycogen breakdown and lipolysis. Contracts peripheral blood vessels 
in the skin and gastrointestinal tract. Involved in the regulation or the 
parasympathetic nervous system together with noradrenalin. 
 
 Noradrenalin Similar to adrenaline, increases focus and attention span. Stimulates  
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the release of adrenaline. 
    
Other Organs and 
Tissues 
  (Laycock and Wise 
1996) 
    
Adipose Tissue   (Trayhurn 2007) 
 Leptin Acts upon the hypothalamus, involved in the regulation of the bodies 
energy balance. Triggers sexual maturation in females. 
 
 Adipsin  Unclear, may be related to adipocyte differentiation  
 Acylation-stimulating 
protein 
Fatty acid uptake and esterisation  
 Adiponectin May modulate endothelial adhesion molecules and inhibit 
inflammatory responses. 
 
 Resistin Induces insulin resistance  
 Fasting-induced  
adipose  factor; 
Unclear, involved in the regulation of metabolism during fasting 
conditions 
 
 Transforming 
growth factor β 
Inhibits adipocyte differentiation (Fain et al. 2005) 
 Tumour necrosis factor 
α 
Involved in increasing adipocyte insulin resistance and regulation of 
the production of other factors within adipose tissue. 
(Kern et al. 2001) 
 Angiotensinogen Plays a part in blood pressure regulation, stimulates the differentiation 
of preadipocytes to adipocytes  
 
 Interleukin 6 Involved in increasing adipocyte insulin resistance and regulation of 
the production of other factors within adipose tissue. 
(Kern et al. 2001) 
 Metallothionein May function as an antioxidant  
    
Kidney   (Laycock and Wise 
1996) 
 Renin Angiotensin precursor stimulates angiotensin production. Maintains 
blood perfusion in the kidneys. 
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 Erythropoietin Regulates red blood cell production, involved in the regulation of 
wound healing and prevents neuronal apoptosis. 
(Siren et al. 2001; 
Haroon et al. 2003) 
 Calcitriol Increases calcium absorption from gastrointestinal tract and bones. 
Facilitates the actions of parathyroid hormone. 
 
 Thrombopoietin Involved in the regulation of haematopoiesis and the differentiation of 
platelets and megakaryocytes. 
 
    
Liver   (Laycock and Wise 
1996) 
 Insulin-like growth 
factor 
Regulates cell growth differentiation and metabolism in a similar 
manner to insulin. 
 
 Angiotensinogen Renin precursor.  
 Angiotensin Constricts blood vessels, stimulates the release of anti diuretic 
hormone and aldesterone. 
 
 Hepcidin Regulates iron homeostasis by preventing iron uptake, release and 
transport. 
(Ganz 2003) 
 Thrombopoietin Involved in the regulation of haematopoiesis and the differentiation of 
platelets and megakaryocytes. 
 
 Somatomedins Class of growth factors involved in the regulation of the effects of 
growth hormone. 
(Argentea et al. 1996) 
    
Stomach   (Laycock and Wise 
1996) 
 Gastrin Stimulates gastric acid production and motility of the digestive tract.  
 Ghrelin Stimulates hunger, involved in regulation of insulin production.  
 Neuropeptide Y Stimulates hunger, stimulates angiogenesis in adipose tissue, 
macrophage infiltration, and adipocyte proliferation and 
differentiation. Also involved in the regulation of energy balance, 
memory and learning  
(Colmers 2003; Kuo et 
al. 2007) 
 Histamine Increases smooth muscle activity (Ono and Suzuki 1987) 
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Duodenum   (Laycock and Wise 
1996) 
 Gastrin Stimulates gastric acid production and motility of the digestive tract.  
 Secretin Regulates duodenal pH.  
 Cholecystokinin Inhibits gastric acid secretion and slows gastric emptying. Stimulates 
release of digestive enzymes and contraction of the gallbladder. 
Promotes Satiety. 
 
    
Heart   (Rosenzweig 1991) 
 Natriuretic peptides Vasodilator, inhibits renin and aldosterone secretion, the effects of the 
catecholamines and cardiac hypertrophy. Promotes fatty acid release 
from adipose tissue. Released from heart atria and ventricles. Exact 
number and specific function of each in relation to the others unknown 
 
    
Skin   (Laycock and Wise 
1996) 
 Activin Enhances wound healing and scar tissue formation.  
 Calcidiol Precursor of calcitriol  
 Thymalin Involved in the regulation of lymphocyte maturation and growth of 
skin epidermis. 
(Khlystova 2002) 
    
Placenta   (Laycock and Wise 
1996) 
 Progesterone Precursor of steroid hormones in the foetus. Decreases maternal 
immune response and uterine contractility to allow gestation. 
 
 Somatomammotropin Decreases maternal insulin sensitivity.  
 Oestrogen Stimulates growth of maternal breasts and uterus, initiation of maternal 
behaviour, influences the maternal hypothalamus to alter energy 
balance and hormone control to favour foetal development, and 
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increases uterine blood flow. 
 Relaxin Softens cervix and pelvic ligaments in preparation for delivery. 
Produced during early pregnancy as well but unclear why. 
 
 В human chorionic 
gonadotrophin 
Stimulates progesterone and oestrogen synthesis, foetal 
adrenocorticotropin release and adrenal steroidogenesis 
(Majzoub 1999) 
 Inhibin Inhibits the production of follicle stimulating hormone. Production 
triggered by Activin. 
 
 Oestriol Similar to oestradiol but much weaker.  
    
Thymus   (Laycock and Wise 
1996) 
 Thymosin Involved in control of T cell maturation, prevents the polymerisation of 
actin, speeds wound healing and prevents neuronal apoptosis 
(Xiang-ming 2005; 
Choi 2006) 
 Thymalin Involved in the regulation of lymphocyte maturation and growth of 
skin epidermis. 
(Khlystova 2002) 
 Thymarin Involved in the regulation of blood clotting and fibrinolysis. (Kuznik et al. 1982 ) 
 Thymosterin Involved in lymphocyte development (Rovenský et al. 1976) 
 Chalone-T Inhibits lymphocyte proliferation and T-lymphocyte dependent 
immunoreactions 
(Blazsek 1980) 
 Peptide MB-35 Acts synergistically with growth hormone releasing factor and/or 
prolactin. Stimulates corticotropin release from the pituitary 
(Badamchian et al. 
1991; Goya et al. 
1993) 
 Thymones A, B and C Stimulate lymphocyte proliferation (Folkers et al. 1980) 
    
Gonads   (Laycock and Wise 
1996) 
Ovaries Oestradiol Principle female sex hormone. Involved in the development and 
maintenance of female secondary sexual characteristics, involved in 
the menstrual cycle, promotes follicular growth and development and 
the growth of the endometrium and uterus. Maintains corpus luteum 
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function during pregnancy. 
 Oestrone Oestradiol precursor  
 Oestrogen Involved in the maintenance of female secondary sexual 
characteristics, involved in the menstrual cycle promoting follicular 
growth and development and the growth of the endometrium, promotes 
maternal behaviour. 
 
 Progesterone Prepares the uterus for embryo implantation and decreases its 
contractility. Inhibits lactation during pregnancy and reduces maternal 
immunity to prevent rejection of the foetus. Inhibits the synthesis of 
oestrogen. 
 
 17α-
hydroxyprogesterone 
Form of progesterone that acts as a precursor for other steroid 
hormones. 
 
 Dehydroepiandrosterone Sex steroid precursor like androstenedione, acts as the bodies main 
reservoir/ buffer for these hormones. May have other properties but 
these are not well understood 
 
 Dihydrotestosterone More active form of testosterone.  
 Testosterone Oestrogen precursor, Involved in bone density and muscle 
maintenance and behaviour, possibly the libido. Involved in the 
regulation of energy balance, increases energy expenditure and insulin 
resistance. 
(Geer and Shen 2009) 
 Activin Enhances the actions of follicle stimulating hormone, involved in 
androgen production. 
 
 Inhibin Inhibits the production of follicle stimulating hormone. Production 
triggered by Activin. 
 
 Relaxin Softens cervix and pelvic ligaments in preparation for delivery. 
Produced during early pregnancy as well but function unclear. 
 
    
Testes Testosterone Development and maintenance of male secondary sexual 
characteristics, bone density and muscle mass. Involved in the 
regulation of energy balance, increases energy expenditure and insulin 
(Geer and Shen 2009) 
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resistance. 
 Dihydrotestosterone More active form of testosterone.  
 Androstenedione Sex steroid precursor, converted to oestrogen or testosterone elsewhere 
in the body. 
 
 Dehydroepiandrosterone Sex steroid precursor like androstenedione, acts as the bodies main 
reservoir/ buffer for these hormones. May have other properties but 
these are not well understood 
(Maninger et al. 2009) 
 Anti-Müllerian hormone Causes the atrophy of the müllerian duct early in foetal development.  
 Inhibin Inhibits the production of follicle stimulating hormone. Production 
triggered by Activin. 
 
 Activin Enhances the actions of follicle stimulating hormone, involved in 
androgen production. 
 
 oestradiol Suppresses lutenising hormone production decreasing the production 
of testosterone. 
 
    
Prostate    
 Prolactin Enhances the proliferation of epithelial cells in an androgen 
independent manner. 
(Goffin et al. 2002; 
Vicente et al. 2009) 
    
    
Diffuse Hormones   (Laycock and Wise 
1996) 
 Prostaglandins Lipid compounds with a wide array of activities including the 
regulation of cell growth, hormone production, inflammation, ion 
movement, nerve sensitivities, platelet aggregation and vascular 
dilation. 
 
 Cytokines Proteins, peptides and glycoproteins with specific cellular receptors. 
Form autocrine and paracrine signalling cascades which are involved 
in tissue growth, differentiation, inflammation and immune responses. 
 
 Peptide growth factors Include some of the hormones listed above, stimulate cell growth and  
21 
 
differentiation. 
 Interleukins A class of cytokine found in the immune and haemopoetic systems.  
 Interferons A class of glycoprotein cytokines that enhance immune response to 
viruses. 
 
 Endothelins Regulate vascular homeostasis, involved in regulation of water 
balance. 
 
 Kallikreins Group of proteolytic enzymes which work together with other proteins, 
enzymes and polypeptides in the regulation of blood clotting and 
pressure, pain and inflammation. 
 
 Leukotrienes Sustain inflammatory reactions  
 Prostacyclin Vasodilator, produced by vascular endothelia, prevents platelet plug 
formation. 
 
 Thromboxane Antagonist of prostacyclin, hypertensive agent and vasoconstrictor 
produced by platelets. 
 
 Nitric oxide Autocrine and paracrine factor. Produced in vascular endothelia to 
induce vasodilation and inhibit vessel growth. Induces 
neurotransmission. Produced by phagocytes, has multiple roles in the 
modulation of inflammation. 
(Robert et al. 1998) 
 Carbon monoxide Autocrine and paracrine factor with multiple physiological roles. 
Vasodilator, particularly active in cardiac tissues. Promotes the 
aggregation of platelets and acts as an anti inflammatory monocyte 
mediator. Involved in neurotransmission. Inhibits the release of 
vasopressin and oxytocin from the posterior pituitary and may 
stimulate gonadotropin releasing hormone in the hypothalamus. 
Inhibits the release of corticotropin releasing factor at normal 
physiological levels, increases it at higher ones. Inhibits adrenal steroid 
production. Plays a role in glial and astrocyte development and 
function. Regulates long term odorant adaption in olfactory neurons. 
May be involved in neuroprotection during episodes of hyperthermia. 
May be involved in the formation of long term memories and 
(Otterbein 2000; Wu 
and Wang 2005) 
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regulation of anxiety. Has a protective, antioxidative role in the retina. 
May be involved in protecting the middle ear from hypoxia. Involved 
in the regulation of the peripheral autonomic system. Protects 
pulmonary tissue from hypoxia by inhibiting the induction of 
plasminogen activator inhibitor, decreasing lung surfactant synthesis 
and enhancing interferon-γ production. Involved in the regulation of 
blood supply to the placenta, spermatogenesis and the production of 
ovarian steroids. May have a role in maintaining pregnancy. Involved 
in erectile and ejaculatory regulation. Involved in the control of hepatic 
blood perfusion, bile output and protection of the kidney from injury. 
Involved in the synchronisation of calcium mediated cell signalling in 
the pancreas involved in insulin release.   
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Table 2.2. Major Hormonal Axes in the Body and the Systems They Regulate. 
 
Axis Main Hormones Involved Main Functions Mode of Action References 
Growth 
Hormone/IGF1 
Axis 
Growth hormone releasing 
hormone, growth hormone, 
insulin, ghrelin, IGF-1, 
somatomedins, other growth 
factors. 
Regulates cell 
division, 
differentiation 
and renewal. 
The presence or absence of glucose, amino acids and other 
nutrients in the blood alters the production of insulin and 
IGF-1. The hypothalamus responds to the IGF-1 by 
producing more or less growth hormone releasing 
hormone, up or downregulating the production of growth 
hormone. Together with somatomedins and other growth 
factors this regulates tissue growth and differentiation. 
Ghrelin produced in the stomach and hypothalamus 
increase the production of growth hormone by the 
pituitary. 
 
(Joan et al. 1993; 
Argentea et al. 
1996) 
Hypothalamus-
pituitary-
adrenal axis 
Corticotropin-releasing 
hormone, vasopressin, 
Adrenocorticotropic 
hormone, cortisol, 
noradrenalin, adrenaline, 
 
Regulates stress 
response, 
immune system, 
energy levels. 
Vasopressin and corticotropin-releasing hormone are 
secreted by the hypothalamus, stimulating the pituitary to 
release adrenocorticotropic hormone. This stimulates the 
release of cortisol which suppresses the release of 
corticotropin-releasing hormone and stimulates the release 
of adrenaline and noradrenalin. 
 
(DeGroot 1979; 
Lightman et al. 
2002, ) 
Hypothalamus 
–pituitary-
gonadal axis 
Gonadotropin-releasing 
hormone, lutenising hormone, 
follicle stimulating hormone, 
sex steroids, activin, inhibin. 
Regulates 
reproductive 
tract, immune 
system. 
Gonadotropin-releasing hormone is produced in the 
pituitary stimulating the release of follicle stimulating 
hormone and lutenising hormone from the pituitary. These 
two hormones control the release of sex steroids, activin 
and inhibin in the gonads. Inhibin and the sex steroids 
suppress the release of gonadotropin-releasing hormone. 
 
(Laycock and 
Wise 1996; 
Tanriverdi et al. 
2003) 
Hypothalamus-
pituitary-
Thyroid stimulating hormone 
releasing hormone, thyroid 
Regulates 
metabolism and 
Thyroid stimulating hormone releasing hormone is 
produced in the hypothalamus and prompts the release of 
(Laycock and 
Wise 1996; 
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thyroid axis stimulating hormone, 
thyroxine, triiodothyronine, 
peripheral thyroid hormone 
targeting enzymes and serum 
binding proteins. 
growth rate. thyroid stimulating hormone from the pituitary. This 
stimulates the release of thyroxine and triiodothyronine 
from the thyroid. Thyroxine suppresses the release of 
thyroid stimulating hormone releasing hormone. Peripheral 
thyroid hormone targeting enzymes and serum binding 
proteins reduce thyroid hormone levels in the blood 
prompting the production of more. 
Zoeller et al. 
2007) 
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Figure 2.2. The major glands of the human endocrine system. From Purves et al 
(2008) 
 
 
 
Figure 2.3. Hypothalamic control of the pituitary. From Purves et al (2008) 
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2.3 Endocrine Disrupting Compounds 
 
Endocrine Disrupting Chemicals can affect any aspect of hormonal synthesis or 
function, from the epigenetic controls affecting the expression of genes coding for 
them and its timing to the transport and actions of the hormones themselves. They can 
mimic natural hormones and binding to their cellular receptors; interfering with 
processes involved in hormone production and degradation; altering the number of 
cellular hormone receptors; and binding to and disabling hormone transport proteins. 
Shared ancestry and genetic conservation between phyla enables compounds capable 
of causing endocrine disruption in one organism to do so in others. A summary of 
some of the known effects recorded in wildlife is given in Table 2.3. Many of the 
adverse affects caused by EDCs are thought to result from disruption of the interplay 
between the neural and endocrine systems mediated by factors secreted by cells in the 
hypothalamus, pituitary, thyroid, and other glands. Known targets include: GnRH 
neurons, which control reproduction via the hypothalamic-pituitary-gonadal axis 
(Gore 2002); the hypothalamic-pituitary-adrenal axis, which controls the body’s 
response to stress and is involved in the modulation of mood, sexuality, the immune 
system, digestion, and metabolism(Harvey et al. 2007); the hypothalamic-pituitary-
thyroid axis, which controls metabolism; thyroid function, transport, metabolism and 
clearance of thyroid hormone, and the thyroid hormone receptors, which are essential 
for brain development, control of metabolism and other physiological processes 
(Walkowiak 2001; Howdeshell 2002; Rathore et al. 2002; Khan and Hansen 2003); 
and other hormonal and non hormonal receptors involved with neuroendocrine 
function (Dickerson and Gore 2007; Watson et al. 2007).  
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Table 2.3. Documented Effects of EDCs in Wildlife 
 
Species Chemical(s) Effects Mode(s) of action References 
Marine snails Organotin compounds Masculinisation of females 
leading to infertility and 
population collapse 
Unclear, hypotheses so far: increased androgen levels caused 
by aromatase inhibition; inhibition of androgen sulphate 
conjugate excretion; prevention of penis 
morphogenetic/retrogressive factor; an increase in the level of 
the neuropeptide APGWamide; agonist action on the retinoid 
X and the peroxisome proliferator- activated receptor and 
possibly other nuclear receptors. 
 
(Feral and LeGall 
1983; Bettin 
1996; Ronis 
1996; 
Oberdoerster and 
McClellan-Green 
2000; Vos 2000; 
Santos 2005; 
Nakanishi 2008) 
Amphibians Triazine herbicides Demasculinisation of males 
leading to infertility and 
population collapse 
 
Increased levels of oestrogens due to the upregulation of 
aromatase synthesis. 
(Hayes 2002; 
Roberge et al. 
2004; Fan et al. 
2007) 
Atlantic Salmon 
(Salmo Salar) 
Carbamate 
insecticides 
Increased smolt mortality 
during their transition from 
fresh to salt water 
 
Unclear, thought to inhibit smoltification via a steroid specific 
route. 
(Fairchild 1999) 
Birds DDT and its 
metabolites 
Eggshell thinning leading to 
reproductive failure 
Inhibition of prostaglandin synthesis in the eggshell gland 
mucosa due to the inhibition of the binding of progesterone to 
the glands steroid receptors. 
(Carson 1962; 
Lundholm 1991; 
Lundholm 1997; 
Vos 2000) 
American Alligators 
(Alligator 
mississippiensis) 
Organochlorines, 
PCBs, ethylene 
dibromide and others 
Gonadal malformations, 
increased bone density in 
juvenile females, feminisation 
Exposure during embryogenesis to a variety of EDCs which 
interfere with the production and/or action of the steroid 
hormones 
(Semenza 1997; 
Guillette et al. 
1999; Pickford 
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of males and masculinisation 
of females 
 
2000; Vos 2000; 
Lind 2004) 
Grey Seals 
(Halichoerus grypus), 
Ringed Seals (Phoca 
hispida botnica) 
PCBs, organochlorine 
pesticides,  
Uterine leiomyomas, renal 
lesions, decreased immune 
function, bone lesions, 
reproductive failure 
Decreased levels of thyroid hormones due to sequestration of 
thyroid hormone binding proteins by organochlorines and 
other pollutants and disruption of vitamin D3 synthesis and/or 
transport affecting bone growth and immune function. 
Proliferative effects of xenoestrogens on uterine tissue. 
Interference with the actions of vitamin A and the retinoic 
acid receptor. 
 
(Ross 1995; 
Bergman 2001; 
Bäcklin et al. 
2003a; Backlin et 
al. 2003b; Sormo 
2003; Sørmo 
2005; Mos 2007; 
Routti et al. 2008) 
Fish Pharmaceutical 
oestrogens, other 
contaminants 
Hermaphroditism, imposex 
conditions, vitellogenin 
production in males 
Exposure to xenoestrogens and other contaminants interfering 
with the production and action of sex steroids. 
(Vos 2000; 
Thibaut 2004) 
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As in other vertebrates, the effects of EDCs on human reproductive function and 
morphology are sexually dimorphic. Males exposed to certain EDCs develop 
cryptorchidism, hypospadias, oligospermia and testicular cancer, which are now 
suggested to be part of testicular dysgenesis syndrome (Figure 2.4), resulting from 
disturbed foetal testicular development (Skakkebak et al. 2001; Bay et al. 2006). 
Small testes, elevated follicle stimulating hormone levels at puberty and prostate 
hyperplasia later in life (Maffini et al. 2006) are thought to be related (Ibanez and De 
Zegher 2006). The oestrogenic EDCs linked to prostate cancer include bisphenol A 
(Keri et al. 2007) and various pesticides (Alavanja et al. 2003). Females can have 
precocious puberty (Colón et al. 2000), vaginal adenocarcinoma (Herbst et al. 1971), 
disorders of ovulation (McLachlan et al. 2006), uterine fibroids (McLachlan et al. 
2006), disturbed lactation  and breast diseases (Fenton 2006), including cancer 
(Darbre 2006; Fenton 2006). In both genders the effects have been linked to intra 
uterine growth retardation and they may share causative factors (Toppari et al. 2001; 
Parent et al. 2003; Ibanez and De Zegher 2006). Some examples of the effects of 
specific EDCs on male and female reproductive system that have been demonstrated 
experimentally and the disorders in humans they may be linked to are shown in Table 
2.4. 
 
 
Figure 2.4. Testicular Dysgenesis syndrome, from Skakkebak 2001. 
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Table 2.4. The Effects of Some Specific EDCs on the Male and Female Reproductive Systems. Adapted from Diamanti-Kandarakis et al 
(2009) 
 
 
 EDC Exposed 
Animal 
Effects Possible Translation to the 
Clinical Condition 
Potential Mechanisms References 
Male Vinclozolin Foetal rat Hypospadias Hypospadias and other 
reproductive tract 
malformations 
Epigenetic: Altered DNA 
methylation in germ cell lines 
(Monosson et al. 1999; 
Shono 2004; Kavlock 
and Cummings 2005; 
Anway and Skinner 
2006) 
   Undescended testes 
   Delayed puberty 
   Prostate disease in 
subsequent generations 
      2006; (Vilelaet al. 
2007);(Matthew and 
Michael 2008) 
 DES Foetal rat Hypospadias Hypospadias Increased ER1 expression in 
the epididymis and prostate, 
Reduced insulin-like factor 3 
(Emmen et al. 2000; 
Atanassova et al. 2001; 
McLachlan 2001; 
Couse and Korach 
2004) 
   Cryptorchidism Cryptorchidism 
   Micropenis Micropenis 
   Increased transmitted 
susceptibility to 
malignancies 
Epididimal cysts 
       
 DDT Adult rat Decreased fertility Cryptorchidism Reduced insulin-like factor 3 (Rhouma et al. 2001; 
Ivell and Hartung 
2003) 
 DDE    
       
 Phthalates Foetal rat Reduced anogenital 
distance 
Reduced anogenital distance 
and leydig cell function, 
hypospadias 
Decreased testosterone 
synthesis 
(Gray et al. 2000; Parks 
et al. 2000; Fisher 
2003; Swan 2005; Bay 
et al. 2006; Sharpe 
2006) 
   Cryptorchidism Cryptorchidism  
   Oligospermia Reduced fertility  
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 PCBs Foetal rat Decreased 
spermatogenesis, 
delayed puberty. 
Reduced penile length, 
delayed sexual maturation, 
reduced fertility, testicular 
cancer, intra uterine growth 
retardation 
Decreased testosterone 
synthesis 
(Hertz-Picciotto et al. 
2005; Ping-Chi et al. 
2007; Goncharov et al. 
2009; McGlynn et al. 
2009) 
       
 Bisphenol A Foetal rat Increased prostate size Prostate cancer Increased ER1 expression in 
the hypothalamus 
(Gupta 2000; Timms 
2005; Ho 2006; 
Maffini et al. 2006; 
Ceccarelli 2007) 
   Aberrant development 
of prostate and urethra 
 Increased androgen receptor 
expression in the prostate 
   Increased anogenital 
distance 
  
   Altered periductal 
stroma in the prostate 
  
   Prostate cancer    
       
Female Vinclozolin Foetal rat Multisystem disorders 
including tumours 
Complications in pregnancy, 
reproductive tumours in 
adulthood 
Epigenetic: altered DNA 
methylation in germ cell line; 
reduced ER1 expression in 
uterus 
(Khurana 2000; Anway 
and Skinner 2006; 
Nilsson et al. 2008) 
       
 DES Foetal 
mouse 
Transmitted 
susceptibility to 
malignancies 
Vaginal adenocarcinomas in 
daughters and grand 
daughters of women treated 
with DES during pregnancy 
 
Increased ER1 expression in 
the hypothalamus, reduction 
of ER1 expression in the 
uterus 
(Herbst et al. 1971; 
Newbold et al. 1998; 
Couse and Korach 
2004; Ceccarelli 2007) 
 DDT/DDE Immature 
rat 
Sexual precocity Precocious and early puberty Neuroendocrine effect 
through oestrogen receptors, 
(Cohn 2003; Parent et 
al. 2003; Rasier 2007) 
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    Reduced fertility in daughters 
of exposed women 
kainite receptors, and aryl 
hydrocarbon receptors 
    Increased risk of breast 
cancer and miscarriages in 
women exposed before the 
age of 15. 
       
 Bisphenol A Foetal 
mouse 
Inhibited mammary duct 
development and 
increased branching 
Polycystic ovary syndrome, 
obesity, intrauterine growth 
retardation, foetal death and 
miscarriage, breast cancer. 
Inhibition of apoptotic 
activity in breast. Increased 
number of progesterone 
receptor positive epithelial 
cells. Reduced 
sulfotransferase inactivation 
of oestradiol. Nongenomic 
activation of ERK 1/2. 
Thyroid hormone receptor 
antagonist. Enhances 
inflammatory immune 
response increasing oxidative 
stress. 
(Howdeshell et al. 
1999; Kester 2000; 
Markey et al. 2001; 
Markey et al. 2005; 
Munoz-de-Toro 2005; 
Saal and Hughes 2005; 
Sugiura-Ogasawara et 
al. 2005; Waring 2005; 
Zoeller et al. 2005; 
Zsarnovszky, Le et al. 
2005; Soto et al. 2008; 
Ranjit et al. 2009) 
   Increased mammary 
gland density, increased 
number of terminal ends 
   Reduced weight of 
vagina 
   Endometrial stimulation 
   Precocious puberty 
      2008; (Ranjit et al. 
2009; Vandenberg et 
al. 2009; Yang et al. 
2009) 
 PCBs Foetal and 
early 
postnatal 
rat 
Neuroendocrine effects 
in two generations and 
behavioural changes 
Endometriosis, delayed 
puberty and thelarche. Intra 
uterine growth retardation 
Actions on oestrogen and 
neurotransmitter receptors. 
Interference with thyroid 
hormone levels. 
(Hertz-Picciotto et al. 
2005; Lamb et al. 
2006; Steinberg 2007; 
Steinberg et al. 2008; 
Wolff et al. 2008; 
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Dallaire et al. 2009; 
Porpora et al. 2009; 
Roy et al. 2009) 
       
 Dioxins Foetal rat Altered breast 
development and 
increased incidence of 
mammary cancer 
Genital deformities, delayed 
thelarche, decreased fertility. 
Inhibition of 
cyclooxygenase2 and 
silencing of the retinoic acid 
and thyroid hormone receptor 
mediators via the aryl 
hydrocarbon receptors. 
Increased rates of CYP1A1 
transcription. Inhibition of 
steroidogenesis decreasing 
both oestrogen and androgen 
levels and inhibition of 
oestrogen receptor synthesis. 
Inhibition of progesterone 
action. 
(Revichl et al. 2001; 
Massaad et al. 2002; 
Mizuyachi 2002; 
Jenkins 2007; Leijs et 
al. 2008)   Early 
pubertal 
rat 
Blocked ovulation 
       
 Phthalates Foetal and 
prepubertal 
rats 
Prolonged oestrus 
cycles, anovulation, 
decreased preovulatory 
follicle size,  
Premature thelarche, 
anovulation, endometriosis. 
Xenoestrogen, decreases 
blood levels of thyroid 
hormones, suppresses 
oestrogen and progesterone 
production,  
(Machala and 
Vondracek 1998; 
Hauser and Calafat 
2005; Louis 2008; 
Boas et al. 2009) 
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2.3.1 Epigenetics 
 
Chemical alterations of histones that increase or decrease RNA polymerase and 
transcription factor access to the stored DNA controls gene expression in a heritable 
manner. These alterations include acetylation, methylation, phosphorylation, 
ubiquitylation, and sumolyation, although other processes are likely to be discovered 
as work in the field progresses (Weinhold 2006). Methylation and acetylation are the 
best studied epigenetic mechanisms. Extensive methylation of DNA cystine 
molecules silence genes, and the methylation of cystine molecules in positive or 
negative regulatory elements of genes can enhance or suppress the transcription of 
these genes (Jones and Takai 2001). Acetylation of the lysine residues found at the N 
terminus of histone proteins allows greater access to gene promoter regions, 
increasing gene transcription (Sterner and Berger 2000). The epigenetic effects of 
histone phosphorylation is poorly understood, but the phosphorylation of various 
histones has been correlated to mitotic chromatin condensation, gene induction 
associated with DNA repair and gene activation in response to the actions of growth 
factors and heat shock (Grant 2001). Ubiquitylation and sumolyation are similar 
processes both directed by enzymatic cascades (Niessen et al. 2009). Their roles in 
epigenetics are not currently well understood. Ubiquitylation involve the regulatory 
protein ubiquitin, which is more commonly used to mark proteins for degradation. 
When attached to histones it appears to play a role in gene silencing and X 
chromosome inactivation. It is also involved in the direction of gene silencing carried 
out by the Polycomb Group (PcG) proteins. Sumolyation is mediated by Small 
Ubiquitin-like MOdifier (SUMO) proteins, which differ from ubiquitin in that they 
are not used to tag proteins for degradation. It is involved in PcG mediated gene 
silencing and the regulation of coactivators such as the Peroxisome Proliferator-
activated receptor-Coactivator-1 (PGC-1), which is involved with the regulation of 
metabolism and energy homeostasis in mammals and the Steroid Receptor 
Coactivators which mediate steroid hormone receptor expression (Han et al. 2009; 
Niessen et al. 2009). 
 
Epigenetic changes in the germ line allow greater phenotypic plasticity than genes 
alone, allowing for greater adaptability but also sometimes resulting in adverse effects 
in future generations. The grandchildren of Swedish men exposed to famine as 
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children have been shown to have a greater relative risk of developing diabetes than 
the grandchildren of unexposed men, and their relative risk of mortality was higher. 
Maternal exposure to famine affected only granddaughters (Pembrey et al. 2005). 
Epigenetic changes to phenotypes can persist for many generations. The annual plant 
Linaria vulgaris changed its floral symmetry from bilateral to radial and this has 
remained stable for over 250 years (Cubas et al. 1999). By guiding an organism’s 
morphology along a certain evolutionary pathway, epigenetic changes, along with 
point mutations can shape the evolutionary development of its genome (Crews 2006). 
Epigenetic changes are induced by EDCs and are responsible for the latency and 
heritability of some of the effects of EDC exposures. For example, mouse embryos 
which have undergone in vitro preimplantation incubation with dioxin display altered 
methylation patterns of two genes involved in the expression of oestrogen receptors 
(Ohtake 2003). It has been hypothesised that the intergenerational effects of DES are 
caused by its interference with the chromatin remodelling effects of heat shock 
protein 90 (hsp90). Experiments have shown that hsp90 is capable of inducing 
heritable epigenetic changes, and that these are similar to that induced by DES (Ruden  
et al. 2005).  
 
During normal development, hormonal exposure early in life determines the responses 
to the same hormones later in life. In fish, amphibians, reptiles and birds, the 
glycolipoprotein vitellogenin is produced as a precursor to egg yolk by the liver upon 
exposure to oestradiol. All the genes coding for it and related to its production are 
upregualted within seconds when the liver of unexposed animals are exposed to 
oestrogen, but in animals exposed during early development some genetic subsets 
upregulate faster than others, as the oestradiol exposure during early development 
causes selective methylation of certain genes (Edinger et al. 1997). Abnormal 
programming initiated by EDCs can lie dormant for decades. Foetal exposure to 
oestrogenic compounds increases the sensitivity of the prostate to oestrogens and 
androgens and increases its size (Gupta 2000), predisposing it to cancerous lesions 
later in life (Hess-Wilson and Knudsen 2006; Prins et al. 2006). In utero exposure to 
androgens in female sheep and rhesus monkeys produces individuals prone to 
anovulation and the development of enlarged ovaries with multiple medium sized 
antral follicles, a condition similar to polycystic ovary syndrome in humans.  
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Cancerous cells show abnormal epigenetic features. Tumour cells typically show less 
methylation than normal cells (Holliday 1987), and more aggressive tumour 
phenotypes correlate with less methylation (Feinberg and Tycko 2004). 
Hypermethylation of the promoter regions of tumour suppressor genes has also been 
reported (Herman et al. 1994; Herman et al. 1995), which appears to play a large role 
in the initiation of cancer (Herman and Baylin 2003). They also show abnormal 
histone modifications which silence tumour suppressor genes (Richon et al. 2000). 
Again, these modifications become more numerous as the cancer phenotype becomes 
more aggressive (Fraga et al. 2005).  
 
2.3.2 Steroid Mediated Effects 
 
Endocrine Disrupting Chemicals capable of mimicking natural hormones are well 
documented, particularly those that target steroid hormone receptors. DES 
Diethylstilbestrol) was developed and marketed as a synthetic oestrogen and its 
chemical structure allows it to mimic the active site of the endogenous oestrogen 
molecule (Duax et al. 1985), giving it a binding affinity at both the ER1 and ER2 
(Oestrogen Receptor 1 and 2) receptors that is only slightly weaker than endogenous 
oestrogen (Watson et al. 2007). Gene expression triggered by hormones can be 
blocked as well as initiated by these EDC-receptor interactions, as is seen in the 
blockade of androgen mediated gene expression by the fungicide vinclozolin (Gray 
1998). A diverse array of compounds is known to bind to steroid hormone receptors. 
These include metals, plasticisers, drugs, pesticides, and naturally occurring 
compounds (Martin et al. 2003; Brooks and Skafar 2004; Watson et al. 2007). This 
promiscuity is thought to be due to their primitive nature, as it is thought that steroid 
receptors represent the earliest ligand activated receptors (Baker 2004). 
 
The enzyme aromatase converts androgens to oestrogens and is a good example of 
one of the processes in hormone synthesis which can be affected by EDCs. Triazine 
pesticides interfere with this by inhibiting phosphodiesterase production, which 
increases the production of cAMP (Cyclic adenosine monophosphate) and therefore 
the transcription of aromatase gene CYP19, which in turn increases aromatase 
production and therefore oestrogen synthesis (Roberge et al. 2004; Fan et al. 2007). 
Azole fungicides bind directly to the enzyme, preventing the conversion of androgens 
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to oestrogens (Zarn 2003), and other compounds such as bisphenol A, organotin 
compounds and phytoestrogens show aromatase inhibiting effects (Bonefeld-
Jorgensen et al. 2007; Cheshenko et al. 2008). Increasing the number of receptors for 
a given hormone in a tissue increases the effects that hormone and chemicals 
mimicking it have on that tissue. Bisphenol A and DES have been shown to increase 
the expression of ER 1 in the hypothalamus and the epididymis, respectively 
(Atanassova et al. 2001; Ceccarelli 2007). The downregulation of ER 1 expression 
and upregulation of progesterone expression in females, and upregulation of both ER1 
and progesterone receptor expression in males accounts for part of the masculinising 
and feminising effects of vinclozolin on rats (Buckley et al. 2006). PCBs are known to 
alter human blood thyroid hormone levels. Experimentally, competitive binding 
assays have shown that the majority of hydroxylated PCBs have the same binding 
affinity for the human thyroid hormone transport protein transthyretin as thyroxine 
(Cheek et al. 1999). Poly- and perfluorinated have similar properties but are typically 
weaker, with binding potencies 12.5-50 times lower than endogenous thyroxine. 
Larger molecules typically show greater potencies (Weiss et al. 2009). 
 
2.3.3 Energy Balance and Fat Storage 
 
Exposure to EDCs can affect energy regulation and lipid storage, potentially 
predisposing exposed individuals to obesity and related diseases such as diabetes. 
Environmental oestrogens are thought to contribute to obesity by affecting lipid 
homeostasis and the secretion of leptin, which affects food consumption (Cooke and 
Naaz 2004). Exposure during early development may be particularly significant. In 
mice, 1 μg/kg/day DES administered during the critical period of postnatal adipocyte 
differentiation resulted in a significant increase in bodyweight later in life. Although 
there was no difference between treated mice and controls during infancy, by 4 
months of age they were on average about 10g heavier than control mice and about 
8% more of their bodyweight was fat (Newbold et al. 2005). EDCs have been 
demonstrated to promote obesity via receptors other than the steroid receptors. 
Organotin compounds can act as ligands for the retinoid X receptor (RXR) and 
peroxisome proliferation activated receptor gamma (PPARγ), both of which are 
involved in the control of adipogenesis and lipolysis. Exposure to organotins at 
concentrations similar to those encountered by humans in the environment has been 
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shown to stimulate obesity in mice by inducing adipocyte differentiation and 
subsequently increasing insulin sensitivity, promoting the expression of genes 
involved in triglyceride storage and suppressing the expression of genes which induce 
lipolysis (Grun et al. 2006b). Phthalates may have similar properties (Desvergne et al. 
2009), and there is evidence that compounds influencing PPARγ signalling act 
synergistically with endogenous or exogenous oestrogens (Grun and Blumberg 
2006a). 
 
Endocrine Disrupting Compounds can also promote diseases for which obesity is a 
contributing factor. Dioxins and bisphenol A, can alter glucose metabolism and 
increase the risk of diabetes (Remillard and Bunce 2002; Hugo et al. 2008). Bisphenol 
A and other oestrogenic compounds can stimulate the release of insulin from 
pancreatic β cells in adult mice at relatively low doses (10 μg/kg). Chronic 
hyperinsulinemia results after 4 days exposure, increasing tissue insulin resistance 
(Alonso-Magdalena 2006). Insulin resistance and pancreatic β cell dysfunction are 
important predictors of type 1 and type 2 diabetes, arterial hypertension, and 
cardiovascular disease (DeFronzo 1991). Alterations of the renin-aldosterone system 
are also possible, causing the body to retain fluid and therefore increasing blood 
pressure (Svacina 2008). The effects of EDCs on the adrenal cortex and 
hypothalamus-pituitary-adrenal axis are, however, poorly quantified, and more 
research is needed in this area (Harvey and Everett 2003). 
 
2.3.4 EDCs, the Thyroid System and Neurodevelopment. 
 
Exposure to compounds capable of interfering with the hypothalamus-pituitary-
thyroid axis can be expected to have profound effects on brain development and 
function. The development of the brain and thyroid system is very closely interlinked, 
with neuronal proliferation, migration and synaptogenesis all being dependant on the 
presence of the thyroid hormones (Howdeshell 2002). The effects of thyroid hormone 
deficiency depend largely on the stage of brain development affected.  Deficiency 
early in pregnancy results in poor gross motor skills and impared visual attention and 
processing; deficiency later in pregnancy results in fine motor deficits, slow response 
speeds and subnormal visual and visuospatial skills; deficiency after birth results in 
the impairment of language and memory skills (Zoeller and Rovet 2004). In animal 
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models, thyroid hormone deficiency during early development can result in the 
malformation of many of the brain’s structures including the cerebellum (Koibuchi et 
al. 2003), hippocampus (Huang et al. 2008), amygdala (Wilcoxon, et al. 2007), frontal 
and prefrontal cortices (Patel et al. 1987; Wilcoxon et al. 2007) resulting in deficits in 
learning, social function and coordination (Gilbertson 2001; Wilcoxon, et al. 2007; 
Van Wijk et al. 2008). In humans, the critical roles thyroid hormones play in neural 
development are illustrated by the significant decreases in the incidence of child 
mental retardation achieved by the addition of dietary iodine. In the Tarai region of 
India, mandatory salt iodisation normalised the IQs of schoolchildren, raising them 
from an average of 70-79 to 90-109 (Figure 2.5)(Kochupillai and Mehta 2008). 
 
 
Figure 2.5. Comparison of Child IQ on Malin’s Intelligence Test for Indian 
School Children Before and After Salt Iodisation in the Tarai Regions (From 
Kochupillai 2008) 
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Endocrine Disrupting Chemicals affecting the thyroid hormones have neurobehavioral 
effects in both humans and animals. Symptoms akin to attention deficit disorder 
(ADD) appear in a dose dependant manner in rats exposed to bisphenol A (Masami et 
al. 2004). Bisphenol A is known to bind to thyroid hormone receptors, inhibiting 
normal gene expression and oligodendrite proliferation (Moriyama et al. 2002; Seiwa 
2004). Bisphenol A  downregulates dopamine receptor and transporter expression in 
exposed rats (Masami et al. 2004) and normal oestradiol-induced hippocampal 
synaptogenesis in primates (Leranth et al. 2008), promoting brain morphology similar 
to that seen in humans with ADD (Plessen et al. 2006; Swanson et al. 2007). PCBs 
reduce circulating thyroxine levels in exposed humans and animals (Walkowiak 2001; 
Chevrier et al. 2008; Lopez-Espinosa et al. 2009). Prenatal exposure in rats leads to 
downregulation of thyroid responsive genes and glutamate receptors in the cerebral 
cortex, hippocampus and striatum. This indicates that brain development, including 
glutamic receptor mediated nerve transmission, is adversely affected in three key 
areas associated with neurodevelopmental disorders in humans (Takahashi et al. 
2009). Development of specific cell types that are known to be affected by 
neurodevelopmental disorders, such as the Purkinje cells and the granule cells of the 
cerebellum are also inhibited (Kimura-Kuroda et al. 2007; Lein et al. 2007). Mixtures 
of PCBs, bisphenol A, dioxins and other pollutants known to disrupt thyroid hormone 
function can have additive, antagonistic or synergistic effects on the development of 
the brain, and thyroid function (Crofton 2008).  
 
High human PCB body burdens are associated with neurobehavioral deficits and 
lower full-scale IQs (Huisman 1995; Ayotte 2003). Mother-infant studies conducted 
on women exposed to PCBs and other persistent pollutants via the ingestion of fish 
from the Great Lakes in the USA and Canada found that women who ate the fish 
during pregnancy were far more likely to have offspring with Attention Deficit 
Disorder (ADD) and other deficits. A study involving mothers consuming fish from 
Lake Michigan found that mothers consuming 2-3 fish meals a month had children 
that at age 11 showed dose dependant impairments in full scale IQ, attention and 
memory (Jacobson 1996). Similar results were obtained from a cohort of women from 
around Lake Ontario. Their blood levels of heavy PCB homologues correlated with 
lake fish consumption (r = +0.29, p<0.05) (Stewart et al. 1999). Children who had the 
greatest exposure in utero had lower birth weights and were smaller at 4 years of age 
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and were more likely to be rated as “unusually quiet and inactive” (Jacobson et al. 
1990). A later study using magnetic resonance imaging of the brain found that 
children of a similar age who had been subject to high prenatal exposure not only had 
poorer attention spans and showed greater impulsivity, they had dose dependant 
reductions in the size of their corpus callosums and spleniums, abnormalities in brain 
structure that are associated with ADD (Stewart 2003).2.4  
2.4 Risk Assessment and Management 
 
Risk can be defined as the effects of uncertainty on the objectives of a person or 
organisation (ISBGS 2009). Risk management is necessary to allow the effects of this 
uncertainty to be counteracted. Items or scenarios likely to harm the objectives of 
stakeholders are designated as hazards, and the risk posed by a hazard is defined as a 
product of the severity of the hazard and the probability that an event involving the 
hazard will occur (Haimes 1998; Burgman 2005). To allow risks such as those posed 
by human exposure to EDCs to be managed to an acceptable standard that protects 
stakeholders in as cost effective a way as possible, a more structured and quantitative 
approach must be taken. Such an approach is outlined in the International 
Organisation for Standardisation (ISO) risk management guidelines issued in 2009. It 
is important that risk management is made into an integral part of governmental 
legislation and the management and decision making processes adopted by 
organisations. It should be as adaptable, transparent and inclusive as possible. Both 
risks and hazards can change over time, so feedback from stakeholders both within 
and outwith the risk management process should be used to adapt risk management 
strategies accordingly. By allowing input from all the stakeholders involved  it may be 
possible to increase stakeholder  compliance with the risk mitigation measures 
adopted, as establishing this dialogue allows all parties to better perceive the risk and 
understand the need for the measures proposed. It also reduces feelings of 
disenfranchisement with the risk management process that members may have if they 
feel their views have not been taken into account and which can interfere with the 
implementation of risk mitigation measures. 
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Risk management is a continuous process and can be conceptualised as a cycle with 
the perception and communication of risk at its centre (Figure 2.6.). Moral and ethical 
considerations and other social preferences must be included along with scientific 
input if the assessment strategy is to be acceptable to those implementing it and 
society at large (Cvetkovich 1997; Gerrard and Petts 1998). The first task that must be 
undertaken is the establishment of a context for the risk management process being 
undertaken. This involves identifying potential sources of risk and scenarios that are 
potentially hazardous; identifying the stakeholders in the process and their objectives; 
and deciding the scope of the risk management process and its constraints. These are 
then used to plan the remainder of the process by creating an agenda for risk 
identification, a framework for the risk management procedure and investigating what 
can be done to mitigate the risks possibly posed by the hazards identified. 
The next step in the process is the identification, assessment and prioritisation of the 
risks that pose the greatest threat to stakeholders. These can be identified by analysing 
potential risks affecting stakeholders and the scenarios identified in which the risks 
could affect them. They are then prioritised for management by assessing the 
magnitude of the hazard and the likelihood that it will affect stakeholders. Those that 
are the most severe hazards and those that are most likely to occur are prioritised for 
management. When quantifying risk, the danger exists that a risk with a low 
probability and high severity will be ranked the same as a risk with a high probability 
and low severity, but good risk assessment methodologies take this into account by 
using scientific and objective input to differentiate these two categories of risk and 
manage them accordingly.  
Once the risks have been prioritised, plans can be made to mitigate their effects on the 
organisation or individual. Potential methods of managing risk include risk avoidance, 
acceptance, reduction and sharing. Risks are avoided by completely avoiding the 
activity carrying the risk. Whilst this has the advantage of completely eliminating the 
risk, not all risks can be avoided, and it also eliminates any potential gain that could 
have been made by undertaking the activity. If a risk is so small any costs incurred by 
it can be easily absorbed, or represents a catastrophic occurrence that has very little 
chance of happening, it can be feasible to simply accept the risk. Risk reduction 
involved expending resources to put measures in place that reduce the likelihood 
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and/or severity of losses occurring. An example of this would be the installation of 
safety features such as airbags and seatbelts in cars. Whilst there is usually scope to 
reduce risks in this manner, the risks must be correctly identified and prioritised and 
the costs and benefits of proposed risk mitigation measures must be carefully 
considered. In the vehicle construction industry, considerable amounts research has 
been conducted into how passengers are damaged during road accidents and how 
vehicles can be engineered to make them safer, but when safety features are added, 
other factors such as cost and aesthetic considerations are taken into account as well 
as reductions in the risks faced by passengers. Risks that are lessened by spreading 
them between stakeholders are considered shared risks. Once strategies for managing 
the identified risks have been formulated risk management plans can be implemented 
and evaluated. As well as the effectiveness of the process as a means of managing the 
risks identified in the initial contextualisation, risks which are new or which have 
escaped identification must be identified and integrated into the plan. Thus the process 
of risk management evaluation is a continuous and dynamic, adapting to changing 
conditions and the needs of the stakeholders involved. 
 
As risk assessments are predictive processes, there will always be inherent 
uncertainties that must be accounted for during risk management.  Four main types 
have been identified (Floyd 2006). These are: knowledge uncertainty, where 
mechanisms or interactions between different components of the system are unknown 
(“we do not know what we do not know”); real world uncertainty, as natural 
conditions cannot be predicted infallibly; data uncertainty, which is introduced by the 
limited an incomplete nature of the datasets on which risk assessments are based and 
on random errors in those datasets; and modelling uncertainty, which is introduced by 
the limitations of models used and the decisions of analysts in the modelling process. 
In any risk assessment process the extent to which these uncertainties affect the 
outcome must be acknowledged and taken into account when developing risk 
management policies. This is especially the case when managing risks posed by 
endocrine disrupting pesticides (EDCs).  
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Figure 2.6. The Risk Management Cycle . 
 
Knowledge of the mechanisms and interactions involved in endocrine disruption are 
very incomplete, and where they are known datasets are very limited. As is discussed 
in chapters 5 and 6, much work remains to be done before adequate exposure 
assessment and risk analyses can be made, although models do exist that are capable 
of modelling most pathways of human exposure. For these reasons no numerical 
calculations of the risks posed by ED pesticides can be made at this time. 
 
Pesticide risk management has focused on reducing the toxicity of the compounds in 
use, reducing applicator exposure and reducing human exposure to pesticide residues 
in food. More recently the exposure of bystanders and residents who live near or visit 
treated areas has started to come into consideration. The effectiveness and legal 
enforceability of measures introduced to protect these people varies widely from 
country to country. Those used in the UK, for example, are poorly formulated and 
offer little protection, as will be discussed in the following chapter. Integrated pest 
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management is an approach developed in California in the 1950s which integrates 
chemical pest control with other cultural practices to keep pest populations at a 
manageable level. The identification of pest species and the monitoring of pest 
populations are key to its implementation. Unlike conventional pest control, 
integrated pest management involves the acceptance of a certain number of pests. This 
supports a population of predators and reduces the likelihood that the pests will 
become resistant to any chemicals used to control them. Preventative cultural 
measures such as the maintenance of farm biosecurity and the use of varieties resistant 
to the pests and diseases known to affect the area they are grown in are used to try to 
keep these pest populations at acceptable levels. Once these levels, or action 
thresholds, are reached, chemical, mechanical and biological control methods are used 
as appropriate to reduce them. When a chemical control is used, the applicator will 
attempt to select a compound that is as specific as possible to the pest being targeted 
in order to avoid destroying populations of predators and non pest species. 
 
Integrated pest management has achieved notable success both as a method of 
managing pests and as a means of reducing pesticide use (Roling and Van de Fliert 
1998). In 1989, Indonesia, which was then a net importer of rice, its staple food crop, 
adopted integrated pest management as its national pest control strategy. Many 
pesticides were banned, the 85% subsidy given by the government to support 
pesticide use was phased out, and programmes were put in place to train farmers. The 
programme managed to reduce pesticide use by around 80-100% on most farms, 
dramatically reducing costs and reducing incidences of pesticide related illnesses. 
Indonesia went from being a net importer of rice to an exporter, as the large outbreaks 
of brown plant hoppers which had undermined Indonesian food security in the 1980s 
disappeared and crop yields were found to remain unchanged or increase depending 
on the area. Integrated pest management is not without its drawbacks. Like any 
exercise in risk management, constant vigilance and detailed knowledge of the risks 
are required to make it work. For farmers this means extra work as they must 
constantly monitor pest numbers and distributions in order to check that preventative 
measures are working and apply control measures in time to avert losses from pest 
outbreaks. Farming communities must be organised and must cooperate to control 
pests, and a well supported network of advisors and training facilities is necessary to 
train and provide specialist knowledge to farmers. This is difficult and expensive to 
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implement, particularly in developing countries. There is also considerable resistance 
from the pesticide industry, and it has been noted in Indonesia that businesses 
deriving their livelihoods from this industry will go to considerable lengths to 
undermine the integrated pest management strategy at local, regional and national 
levels by promoting inappropriately high levels of pesticide use, particularly the use 
of broad spectrum pesticides such as carbofuran. Frequently they would attempt to 
use local pest outbreaks to scare farmers into abandoning integrated pest management 
altogether. The only thing that could counter this pressure was an informed farming 
community with adequate access to training and information about local pest 
populations. 
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3. ENDOCRINE DISRUPTING PESTICIDES: 
IMPLICATIONS FOR RISK ASSESSMENT 
 
3.1 Introduction 
 
The risks posed by ED pesticides are receiving attention as these represent a diffuse 
and all pervasive source of exposure to these compounds. No definitive lists of ED 
pesticides exist. A total of 101 pesticides have been listed as confirmed or possible 
ED chemicals by the Environment Agency of England and Wales, The German 
Environment Agency, The European Union Community Strategy for EDs, the Oslo 
and Paris Commission and the World Wildlife Fund (PAN 2009). Causality of 
detrimental effects on wildlife as a direct consequence of exposure to many ED 
pesticides is established, and in some cases has been shown to have population level 
impacts (Nicolopoulou 2001; Hayes 2002; Grote 2004; Lavado 2004; Reeder 2005). 
Wildlife requires protection in its own right, but there is also increasing concern that 
the effects of EDs on wildlife represent early warnings of effects so far unproven in 
humans (Davis 1995; Vandelac 1999; Nicolopoulou 2001) that can be used as an 
indicator of risk. Humans are exposed to low levels of EDs, the effects of which can 
be additive and synergistic (Soto 1994) and they frequently have body burdens 
comparable to those that cause abnormalities in other vertebrates (Nakagawa 1999; 
Charlier 2002). 
 
Scientific uncertainty surrounds the interpretation of the incidence trends of every 
condition to which ED pesticides have been linked. For some conditions, large rises in 
incidence can be attributed to improvements in diagnostic techniques or changes in 
diagnostic criteria. Differences in genetic susceptibility, between both individuals and 
populations are thought to account for the lack of clear dose–response relationships 
between individual compounds or compound groups and individual medical 
conditions and many of the inconsistencies observed are between studies conducted 
on different populations and geographical areas. For many ED pesticides and medical 
conditions, insufficient data are available to prove or disprove a link with an 
individual compound or group of compounds (Martin et al. 2007). The observation of 
effects at extremely low doses but not at higher ones is counterintuitive and 
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controversial as it is often difficult to duplicate the precise effects seen in wildlife or 
humans in laboratory animals (Ashby 1997). These low concentrations, however, are 
similar to the concentrations at which endogenous hormones are present, and many 
endogenous hormones have been found to follow similar non-monotonic dose 
response curves (Diamanti-Kandarakis et al. 2009). It may also be the case that very 
low doses of EDs fail to trigger the mechanisms which would normally detoxify or 
eliminate them from the body (Thayer 2001; Edwards 2006; Guillette 2006).  
 
Further uncertainty is added by manufacturers of ED pesticides attempting to prevent 
restriction of use or withdrawal of their products. The controversy surrounding the 
herbicide atrazine is a very good example. Numerous studies (Hayes 2002a; Hayes 
2002b; Hayes et al. 2003; Storrs 2004; Reeder 2005), have found strong evidence of 
atrazine-induced endocrine disruption, and its mode of action has been determined at 
the molecular level (Roberge et al. 2004; Fan et al. 2007). Despite this, the link 
between atrazine and amphibian abnormalities has remained controversial, and in 
2003 the US EPA reviewed all the available evidence (much of which was the results 
of research funded by Syngenta, the manufacturers of Atrazine) and concluded there 
was insufficient evidence available to prove or disprove the hypothesis that atrazine 
exposure affects amphibian gonadal development (Bradbury 2007). The use of 
atrazine has been banned in much of the EU, but remains legal in the US and UK 
(Sass 2006). A meta-analysis conducted on 16 experiments conducted between 1998 
and 2003 to determine whether atrazine affected anuran gonadal development, seven 
of which were funded by Syngenta, concluded that the origin of the money used to 
fund the experiment was a very strong predictor of the experiment's outcome (P= 
>0.001). 100% of the experiments that found atrazine to have no effect on anuran 
gonadal development were funded by Syngenta, whereas experiments which found 
positive effects or were inconclusive were funded by a variety of governmental 
environmental agencies (US, Canada and Japan), charitable foundations, and various 
private companies and agencies (Hayes 2004).  
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3.2 Sources of ED pesticides 
 
ED pesticides are used in agriculture, domestic pest and weed control, human and 
veterinary medicine, and in the maintenance of public and private infrastructure and 
recreational areas. The types and quantities of pesticides used in agriculture vary, 
partly in relation to crop and livestock types. Extensive grazing, set aside and most 
fodder crops use very little (although some are used to treat animal ectoparasites), 
whereas high value crops, including greenhouse crops, cereals and most fruit and 
vegetables, use much more (Snoo 1997). The types of pesticide used vary between 
crops. Fruit and vegetables use the most insecticides and fungicides, whereas 
conventionally farmed cereal crops are heavily sprayed with herbicides (Matthews 
1999). Moreover, the formulations of pesticides differ. Until recently, the well known 
ED chemicals nonylphenol ethoxylate (NPE) and octylphenol ethoxylate (OPE) were 
used as emulsifiers in many herbicides and insecticides sprayed on crops in the UK. 
Outside Europe and other developed areas where pesticide sale and use are tightly 
regulated, older more toxic compounds banned in developed nations are still widely 
used. DDT, for example is still manufactured in India, North Korea and China and is 
used widely for the control of malaria in India (Van den Berg 2008). 
 
Since 1974 accurate data concerning pesticide use and area of application have been 
gathered by the Pesticide Safety Directorate in the UK. These data show that total 
pesticide use steadily increased since 1974, reaching a peak in the mid to late nineties 
before decreasing slightly (see Fig. 3.1). Over the last 10 years, the total quantity of 
pesticides used that are listed as confirmed or suspected EDs has fallen, but the use of 
the most popular compounds has remained constant (Fig. 3.2). Specific data for ED 
pesticide use over the whole of Europe are unavailable, but the data available for 
overall pesticide use echo this trend, showing a small decrease in pesticide use in 
Western Europe in the late 1980s and early 1990s and a steady application rate of 
between 2 and 2.5 kg/ha of farmland per year thereafter. In Central and Eastern 
Europe the drop was more dramatic due to economic restructuring following the end 
of communist rule in these countries, dropping from just over 2 kg/ha in 1989 to 
between 0.5 and 1 kg/ha between 1990 and 1997 (Turner et al. 2003). 
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Fig. 3.1. UK pesticide usage 1974–2004. 
 
 
 
 
Fig. 3.2. UK usage of pesticides listed as confirmed or suspected EDs by various 
regulatory bodies (PAN 2005).
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Pesticides from non-agricultural sources have failed to attract the same degree of 
attention as those used by farmers. Although local authorities are the UK's biggest 
non-agricultural pesticide users (Allen 1999), there are no requirements for anyone 
outside the agricultural sector in the UK to record any information about the 
pesticides they use. The only readily available data concern local authority rodenticide 
use (Dawson and Garthwaite 2001). Data for other European countries are similarly 
scarce. Pesticide residues in foods are detected readily in conventionally produced 
products ranging from fresh fruit and vegetables (Newsome 2000; Andersen and 
Poulsen 2001; Jong and Snoo 2001) to processed baby foods (Stepan 2005). Meat, 
eggs and milk products frequently contain traces of persistent pesticides such as 
organochlorines, even if the compounds detected have been illegal for many years 
(Herrera 1996; Jong and Snoo 2001). The concentrations detected are usually low, 
and are often dismissed as being of little concern to human health (Herrera 1996; 
Kieszak et al. 2002; Rawn 2004). However, variations in individual food preferences, 
residues in individual food items and in the amount of a particular food item 
consumed per sitting can increase or decrease individual acute pesticide exposure 
(Hamilton et al. 2004). Some of these pollutants are also capable of accumulating in 
human tissues over time to levels comparable to those that have been shown to cause 
abnormalities in humans and wildlife (Dewailly 1999; Nakagawa 1999; Olea 1999; 
Charlier 2002). 
 
Despite the fact that pesticide use in the home is thought to account for most of the 
pesticide exposure received by the UK population (Nigg et al. 1990), only one study 
has been carried out to quantify home pesticide use. Data concerning the amount of 
pesticides used in UK households are scarce, but according to a survey by the 
Pesticide Action Network, 4306 tonnes of pesticides were used by households in the 
UK in 2000 (PAN 2001). When divided between all the households recorded living in 
the UK according to the 2001 census (ONS 2001), the average per household 
pesticide use works out at slightly over 17 g. Although this may appear to be an 
insignificant amount, it excludes the medical use of pesticides and does not take into 
account social factors influencing pesticide use. For example, home and garden 
pesticide use is more widespread amongst educated, affluent Caucasians than other 
social groups (Steer 2005). People exposed occupationally to veterinary medicines 
and animals treated with them have significantly higher exposures to pyrethroid and 
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organophosphate pesticides than the general population (Bouvier et al. 2006; Bouvier 
et al. 2006). Medicinal pesticides have been largely ignored as a source of ED 
pesticide exposure, with only 4 published studies to date, despite the fact that this 
exposure route affects children disproportionately due to their vulnerability to head 
louse infestations (Brand 2005; Tomalik-Scharte et al. 2005; Adams et al. 2009; 
Naeher et al. 2009). Malathion, Permethrin and Carbaryl are currently recommended 
by the British Medical Association for the treatment of head lice (Burgess 2006), all 
of which have ED properties (McKinlay et al. 2008).  
 
3.3 Exposure to ED pesticides 
 
Only 230 000 of the working population of the UK are employed in agriculture, 
forestry and hunting (NOS 2006), but the agricultural application of pesticides is a 
significant source of exposure amongst people who live in the countryside or pursue 
recreational activities there (RCEP 2005) as well as amongst workers. The exposure 
of farm workers can be reduced by educating them about the use of protective 
clothing, safe application equipment, and proper application safety protocols (Zahm 
1993; Al-Saleh 1994; Blair and Zahm 1995; Jaga 2005). Bystanders and countryside 
residents are less able to avoid exposure. Currently there is no legal requirement for 
farmers applying most pesticides to notify the public of pesticide use on their land or 
tell anyone what compounds they use, but many follow voluntary governmental 
recommendations (DEFRA 2006). These recommendations advise that a distance of 2 
m is left between sprayed crops and sensitive areas (BCPC 2005). In its 2005 report 
on crop spraying and bystander health, the Royal Commission on Environmental 
Pollution noted that these recommendations fail to take into account field topography, 
vehicle speed and spraying in unfavourable weather conditions. They also noted that 
very fine droplets and vapour can travel far further than 2m, and that current 
government guidelines are based on evidence gathered during a limited series of 
studies twenty years ago that were never peer reviewed (RCEP 2005). More recent 
studies have shown that pesticides applied in droplet form by tractor can easily travel 
16 to 60 metres (Sinha et al. 1990; Davis et al. 1991; Permin et al. 1992; Davis 1994). 
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For pesticides with endocrine disrupting properties, evidence that many of these 
chemicals are active in vivo at extremely low doses (Hayes 2002b; Mankame 2004; 
Weltje 2005) suggests that permitted residue levels in food may be too high (Hayes, 
Haston et al. 2003; Storrs 2004; Weltje 2005). There is also concern that the values 
that have been determined as acceptable have been set without taking into account the 
exposure of human foetuses, infants and children, who show greater susceptibility 
than adults (Birnbaum 2003; Goldman 2004; Sharpe 2006). Indeed, much of the 
damage caused by ED chemicals appears to be during gametogenesis and the early 
development of the foetus (Sultan 2001; Skakkebæk 2002; Hardell 2006; Sharpe 
2006), although the effects may not be apparent until adulthood, making links 
between ED chemicals and human disease difficult to prove. Foetuses and babies also 
receive greater doses due to the mobilisation of maternal fat reserves during gestation 
(Anderson and Wolff 2000; Waliszewski 2000) and breastfeeding (Anderson and 
Wolff 2000; Przyrembel et al. 2000) and as a result of the high consumption of food 
in relation to bodyweight in the case of infants and children (Tilson 1998). 
 
Grey et al. (2005) found that out of a sample of 147 people in the UK with children, 
93% used at least one pesticide in their home in a year. Although safety was cited as a 
primary consideration when choosing pesticides, and respondents were willing to take 
precautions such as washing hands after use and following the manufacturers' 
instructions (although a third of the respondents reported difficulty understanding 
these), very few used exposure reduction procedures similar to those used by 
agricultural applicators. This was particularly the case with indoor insecticide use. 
Only one person interviewed had any practical training in pesticide use. The 
chemicals used by professional exterminators in houses are also a cause for concern. 
Adults living in treated houses have been shown to be at greater risk of developing 
aplastic anaemia up to 5 years after the treatment, particularly when the treatment is 
for woodworm (Muir 2003). 
 
Parks, streets, sports facilities, public areas and buildings are kept weed and pest free 
using a wide variety of chemicals. Few studies into the health and environmental 
impact of these pesticides are available. A 1994 cohort study investigating cancer in 
pest control officers who had worked for local authorities in England and Wales for at 
least 6 months between January 1980 and April 1984 found no significant increase in 
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cancer. The authors noted that their study was unable to compensate for the healthy 
worker effect however, and had a limited ability to detect increases in less common 
tumours (Thomas 1996). A proportionate mortality cohort study of golf course 
superintendents in the USA found that they exhibited increased mortality from non-
Hodgkins' lymphoma, brain and prostate cancer and diseases of the central nervous 
system. The authors noted that these mortality increases are similar to those seen in 
other cohorts of pesticide-exposed workers (Kross 1996). The golf course 
superintendents would have been routinely exposed to herbicides as well as 
insecticides and rodenticides.  
 
Many studies have been done to ascertain the body burden of some pesticides or 
chemical categories such as xeno-oestrogens (Fernandez 2004) in individuals and 
within given populations (lactating mothers (Nakagawa 1999; Sun 2005) pesticide 
applicators (Arbuckle 2005), farming families and cancer patients (Rusiecki 2005)). 
Unfortunately, different protocols have been used in these studies, so the results are 
difficult to compare. Some studies have been done which draw samples from a 
country's entire human population, most notably in the United States of America 
(USA) and The Netherlands (Murphy 1983; WWF 2003; Barr 2005). The World 
Wildlife Fund has conducted studies into the body burden of humans with persistent 
chemicals, and has recommended the adoption of national biomonitoring programmes 
(WWF 2003; WWF 2004; WWF 2005). So far Belgium is the only European country 
to institute a national biomonitoring programme (WWF 2003). Short term exposure to 
pesticides that do not accumulate in fatty tissues can be calculated using pesticide 
metabolites in human urine. This method has been used to determine the occupational 
exposure of agricultural workers (Tuomainen et al. 2002; Hardt and Angerer 2003; 
Coronado 2004; Jagt et al. 2004), the effectiveness of an organic diet in reducing 
childhood pesticide exposure (Lu 2006) and as an exposure indicator in national 
pesticide exposure surveys (Murphy 1983; Kieszak et al. 2002; Barr 2005). Sampling 
to determine the presence of pesticides in the environment can also give an indication 
of human environmental exposure, particularly in combination with urine metabolite 
monitoring (Curwin et al. 2005; Ott 2005). Monitoring exposure to EDs using 
biomarkers is difficult. Compounds that bioaccumulate can be monitored by testing 
blood, breast milk and tissue samples, but these are difficult to obtain and costly to 
test. Monitoring exposure to non-persistent pesticides by testing urine samples for the 
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presence of their metabolites is a relatively cheap, less invasive option now used in 
large scale surveys. Concerns have been raised that this may not give a true indication 
of pesticide exposure, because of difficulties distinguishing between metabolites from 
pesticide metabolism in the body and pesticide metabolites that have been consumed 
and passed through the body unchanged (Duggan et al. 2003; Wessels et al. 2003). 
 
3.4 Effects on targets and receptors 
 
In the literature reviewed for this study 132 pesticides were identified as having 
endocrine disrupting properties (Table 3.1), including the 101 listed by PAN (2009). 
These pesticides have been used widely over the last 50 years, and the incidences of 
the diseases linked to them have increased markedly over the same time period and 
has led many scientists to suggest a connection, despite the inherent difficulty in 
proving any connection using epidemiological data. Elevated rates of disease are 
reported in populations living in areas that have a confirmed high exposure to EDs 
(including pesticides), such as Windsor, Ontario, (Gilbertson 2001) densely populated 
agricultural areas in Gaza, Palestinian Territories (Safi 2002), children exposed to 
pesticides in their homes (Menegaux et al. 2006) and female agricultural workers in 
Jaipur, India (Mathur 2002). Two meta-analyses of studies examining a possible link 
between pesticide exposure and prostate cancer have found a positive correlation, 
with the strongest correlation being given by the meta-analysis covering the greatest 
number of studies and longest time period (Van Maele-Fabry 2004). 
 
Endocrine disruption has been investigated in detail only since the early nineties, and 
because of difficulties in assessing effects on human populations, conclusive results 
are not expected for several decades (Pombo and Castro-Feijóo 2005). Future 
generations are also at risk from transgenerational effects caused by epigenetic 
changes induced by EDs (Skinner 2005; Crews 2006; McLachlan et al. 2006; 
Newbold and R. 2006). It has been suggested that there is already sufficient evidence 
of harm for precautionary measures to be taken (Whaley et al. 2001; Garry 2004; 
Pombo and Castro-Feijóo 2005; RCEP 2005; McLachlan et al. 2006).  
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It has been demonstrated that some pesticides can act as endocrine disrupters on the 
basis of their basic chemistry, including Quantitative Structure Activity Relationships 
(QSAR), experimental studies on laboratory animals, wildlife studies and some 
human epidemiological studies (IPCS 2002). The effects of different groups of 
pesticides on hormone systems and their modes of action are listed in Table 3.2.  
 
Proving a direct causal link between endocrine disrupting pesticides and cancer is 
difficult as conclusive case-controlled and cohort studies are difficult to carry out for a 
number of reasons. These are because of the multi factorial nature of the disease, the 
small numbers of patients available for study (Huber 1965; Kelce et al. 1995; Loomis 
1999; Villa 2004), differences in exposure time and intensity (Clark and Snedeker 
2005), and in assessment methods (Ott 2005), short follow-up times (Clark and 
Snedeker 2005) and genetic, medical and social differences between members of 
study groups (Knopper 2004). Confounding factors may also obscure links between 
ED pesticides. For example, although farmers are exposed to many ED pesticides, 
they also have a lot of physical exercise and sun exposure, two factors known to 
protect against hormonally-mediated cancers (Aydin 2005). Despite this, evidence is 
accumulating from cell, laboratory animal, wildlife and human studies that exposure 
to endocrine disrupting pesticides can promote hormone dependant cancers (McDuffie 
2005). Case control studies investigating the relationship between women's body 
burdens of organochloride pesticides and breast cancer risk have found that women 
with higher burdens are more likely to develop the disease (Mathur 2002; Starek 
2003). Organochloride pesticides have been shown to alter tumour suppressor genes 
in vitro, promoting the growth of breast, ovarian and prostate cancer tumour cells 
(Payne 2001; Tessier 2001; Rattenborg 2002; Frigo 2004; Lewis et al. 2005). 
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Table 3.1. ED Pesticides and Their Effects. 
 
Pesticide Description EDC Effects Refs 
2,4-D Herbicide Synergistic androgenic effects when combined with testosterone. (Kim 2005) 
Acephate Systemic Insecticide Disrupts hormone expression in hypothalamus.  (Singh 2002) 
Acetochlor Herbicide 
Interacts with uterine oestrogen receptors, alters thyroid hormone dependant gene 
expression. 
(Rollerová 2000; Crump 
2002) 
Alachlor Herbicide 
Binds competitively to oestrogen and progesterone receptors. Interacts with the 
pregnane X cellular receptor, interfering with the manufacture of enzymes responsible 
for steroid hormone metabolism. (Cocco 2002; Eriko 2003) 
Aldicarb Insecticide Inhibits 17 beta-estradiol and progesterone activity, shows weak oestrogenic effects. (Klotz 1997; Cocco 2002) 
Aldrin Non-systemic Insecticide 
Antagonises the action of androgens via binding competitively to their receptors and 
inhibiting the genetic transcription they induce. Binds to and activates oestrogen 
receptors. 
(Tully et al. 2000; 
Lemaire 2004) 
Amitraz Insecticide and Acaricide Interferes with the release and storage of hormones (Costa et al. 1988) 
Amitrole Herbicide Inhibits the production of thyroid hormones. 
(Tennant 1994; Cocco 
2002) 
Atrazine and other triazines Herbicide 
Androgen inhibitor with a weak oestrogenic effect. Disrupts the hypothalamic control 
of lutenising hormone and prolactin levels. Induces aromatase activity, increasing 
oestrogen production. Damages the adrenal glands and impairs steroid hormone 
metabolism. Binds to oestrogen receptors without activating them. 
(Tennant 1994; Cooper 
2000; Sanderson 2000; 
Cocco 2002; Thibaut 
2004; Jiang et al. 2005) 
Bendiocarb 
Insecticide, Acaricide, 
Nematicide. Weak oestrogen mimic (Cocco 2002) 
Benomyl Fungicide Increases oestrogen production by increasing aromatase activity (Morinaga 2004) 
Bifenthrin Insecticide, Acaricide 
Interferes with the action of the female sex hormones, causing reductions in ovary 
weight and lack of oestrus. Decreases the level of thyroid hormones present in the 
blood. (Connett 2006) 
Bioallethrin Insecticide Inhibits the proliferation of oestrogen sensitive cells (Kim 2004) 
Bitertanol Fungicide 
Inhibits the enzyme aromatase, decreasing the production of oestrogens and increasing 
the available androgens (Trosken 2004) 
Boric acid Insecticide 
Causes atrophy of the testis and epididymus, reduced ovulation, spermatogenesis and 
general fertility at very high doses. (Fail et al. 1998)  
Captan Captan Inhibits the action of oestrogen. (Okubo 2004) 
Carbaryl Insecticide Weak oestrogen mimic. Reduces the concentration of oestradiol in the blood of men. (Cocco 2002; Hong et al. 
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Inhibits nitric oxide production. 2004; Meeker et al. 2008) 
Carbendazim Fungicide Increases oestrogen production by increasing aromatase activity. (Morinaga 2004) 
Carbofuran Insecticide 
Acute doses increase levels of progesterone, cortisol and oestradiol whilst decreasing 
testosterone levels. Causes ovarian cycle irregularities. 
(Goad 2004; Bretveld et 
al. 2006) 
Chlorothalonil Fungicide Triggers the proliferation of androgen sensitive cells (Tessier 2001) 
Chlordane Insecticide 
Antagonises the action of androgens via binding competitively to their receptors and 
inhibiting the genetic transcription they induce. (Lemaire 2004) 
Chlordecone Insecticide Bids to both oestrogen and androgen receptors (Okubo 2004) 
Chlordimeform Acaricide and Insecticide. Interferes with the release and storage of hormones (Costa et al. 1988) 
Chlorfenvinphos Insecticide Weak oestrogen mimic (Vinggaard 1999) 
Chlorophenoxy acids Herbicides Reduce blood plasma thyroid hormone concentration. 
(Gray and Kavlock 1983; 
Van den Berg 1991) 
Chlorpyrifos methyl Insecticide Antagonises androgen activity (Kang 2004) 
Cyhalothrin Insecticide, Acaricide Decreases the secretion of thyroid hormones 
(Akhtar, Kayani et al. 
1996) 
Cypermethrin Insecticide Mimics the action of oestrogen. Metabolites also have oestrogenic effects 
(Chen 2002; McCarthy 
2006) 
Cyproconazole Fungicide 
Inhibits the enzyme aromatase, decreasing the production of oestrogens and increasing 
the available androgens (Trosken 2004) 
DDT and metabolites Insecticide 
Mimics the action of oestrogen, antagonises the action of androgens via binding 
competitively to their receptors and inhibiting the genetic transcription they induce. 
Promotes the proliferation of androgen sensitive cells. Mimics the actions of 
oestrogens indirectly by stimulating the production of their receptors.  
(Tessier 2001; Tapiero 
2002; Bulayeva 2004; 
Lemaire 2004) 
Deltamethrin Insecticide Shows weak estrogenic activity (Andersen 2002) 
Diazinon Insecticide, Acaricide Mimics the action of oestrogen (Manabea et al. 2006) 
Dibutyltin dichloride Antifouling Agent 
Competitively inhibits the conversion of androgens to oestrogens. Inhibits androgen 
synthesis. 
(Heidrich 2001; Thibaut 
2004) 
Dichlorvos Insecticide, Acaricide Weak androgen receptor antagonist (Andersen 2002) 
Dicofol Acaricide 
Inhibits androgen synthesis, increases the synthesis of oestrogens. Also binds to 
oestrogen receptors. 
(Okubo 2004; Thibaut 
2004) 
Dieldrin Insecticide 
Antagonises the action of androgens via binding competitively to their receptors and 
inhibiting the genetic transcription they induce. Mimics the actions of oestrogens 
indirectly by stimulating the production of their receptors. 
(Andersen 2002; 
Bulayeva 2004; Lemaire 
2004) 
Dimethoate Insecticide, Acaricide 
Disrupts the action of the thyroid hormones. Increases the blood concentration of 
insulin and decreases the blood concentration of lutenising hormone. Shown to block 
(Rawlings 1998; 
Mahadevaswami and 
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embryonic implantation (not reversible by progesterone administration) Kaliwal 2005; Mahjoubi-
Samet, F et al. 2005) 
Diuron Herbicide Inhibits the actions of androgens (Thibaut 2004) 
D-trans allethrin Insecticide Antagonises the action of progesterone.  (Garey and Wolff 1998) 
Endosulfan Insecticide, Acaricide 
Antagonises the action of androgens via binding competitively to their receptors and 
inhibiting the genetic transcription they induce. Mimics the actions of oestrogens 
indirectly by stimulating the production of their receptors. Binds competitively to the 
α-oestrogen receptor. Weak aromatase inhibitor. Interferes with hormone storage and 
release  
(Vonier 1996; Andersen 
2002; Massaad et al. 
2002; Bulayeva 2004; 
Lemaire 2004) 
Endrin Foliar Insecticide 
Antagonises the action of androgens via binding competitively to their receptors and 
inhibiting the genetic transcription they induce. Binds to and activates oestrogen 
receptors. 
(Tully et al. 2000; 
Lemaire 2004) 
Epoxyconazole 
Fungicide (preventative 
and curative) 
Weak oestrogen inhibitor. Inhibits the enzyme aromatase, decreasing the production 
of oestrogens and increasing the available androgens 
(Hurst and Sheahan 2003; 
Trosken 2004) 
Fenarimol Fungicide 
Inhibits the action of some subcategories of oestrogen receptor, promotes others. 
Antagonises androgen action. Potent aromatase inhibitor. 
(Andersen 2002; Grunfeld 
2004) 
Fenbuconazole Fungicide Inhibits the production of thyroid hormones. (Cocco 2002) 
Fenitrothion Insecticide 
Antagonises the action of androgens by binding to their receptors. Also inhibits the 
action of oestrogen. 
(Tamura 2003; Okubo 
2004) 
Fenoxycarb Insecticide Interferes with metabolism of testosterone. (Verslycke 2004) 
Fenvalerate Insecticide, Acaricide. 
Inhibits the proliferation of oestrogen sensitive cells, antagonises the action of 
progesterone. Binds to and activates oestrogen receptors. 
(Garey and Wolff 1998; 
Kim 2004) 
Fipronil Insecticide Disrupts the production of thyroid hormones. (Cocco 2002) 
Fluvalinate 
Contact Insecticide, 
Acaricide  
Binds to human sex hormone binding globulin. Inhibits progesterone production, 
more so in the presence of follicle-stimulating hormone. 
(Eil and Nisula 1990; 
Jianfeng 2005) 
Flusilazole Fungicide 
Inhibits the enzyme aromatase, decreasing the production of oestrogens and increasing 
the available androgens (Trosken 2004) 
Flutriafol Fungicide Weak oestrogen inhibitor (Hurst and Sheahan 2003) 
Glyphosphate Herbicide 
Commercial formulations, but not glyphosate alone, inhibit steroidogenesis and 
disrupt the action of aromatase.  
(Walsh et al. 2000; 
Richard et al. 2005) 
HCB Fungicide 
Severely disrupts thyroid hormone production. Enhances androgen action at low 
doses, but inhibits it high ones. 
(Ralph et al. 2003; 
Verreault 2004) 
HCH (Lindane) Insecticide 
Shortens oestrous cycles and lowers luteal progesterone concentrations. Increases the 
blood serum concentrations of insulin and oestradiol, decreases thyroxine 
concentrations. 
(Rawlings 1998; Beard 
1999) 
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Heptachlor Non-systemic Insecticide 
Binds to cellular oestrogen and androgen receptors, increases testosterone and 
androstenedione production. 
 (Haake et al. 1987; Fang 
et al. 2003) 
Hexaconazole Fungicide 
Inhibits the enzyme aromatase, decreasing the production of oestrogens and increasing 
the available androgens (Trosken 2004) 
Ioxynil Herbicide 
Antagonises the action of thyroid hormones and the expression of the genes coding for 
their cellular receptors. (Sugiyama 2005) 
Iprodione Fungicide 
Weakly promotes aromatase activity, increasing oestrogen production. Binds with and 
activates oestrogen receptors. (Andersen 2002) 
Kepone Insecticide 
Mimics the action of oestrogen weakly, binds strongly to androgen and progesterone 
receptors. Binds to and activates oestrogen receptors. 
(Gellert 1978; Tapiero 
2002; Fang, et al. 2003) 
Lindane Insecticide 
Increases metabolism of oestrogens, binds to oestrogen receptors without activating 
them. 
(Welch et al. 1971; Robert 
et al. 1988; Cooper 1989) 
Linuron Herbicide 
Competitively inhibits the binding of androgen to its receptor, inhibits androgen-
inducing gene expression. Alter androgen-dependant ventral prostate gene expression.  (Fang et al. 2003) 
Malathion Insecticide, Acaricide  
Inhibits catecholamine secretion, binds to thyroid hormone receptors. Lowers 
progesterone blood serum concentration. 
(Prakash et al. 1992; 
Cocco 2002; Ishihara 
2003) 
Mancozeb Fungicide Inhibits the production of thyroid hormones. (Cocco 2002) 
Maneb Fungicide Inhibits the production of thyroid hormones. (Cocco 2002) 
Metriam Fungicide Inhibits the production of thyroid hormones. (Cocco 2002) 
Methiocarb Herbicide, Insecticide Inhibits androgen activity whilst promoting oestrogen activity (Andersen 2002) 
Methomyl Insecticide, Acaricide  Weakly promotes aromatase activity, increasing oestrogen production. 
(Andersen 2002; Cocco 
2002) 
Methoxychlor Insecticide 
Strong oestrogen mimic. Also antagonises the action of androgens via binding 
competitively to their receptors and inhibiting the genetic transcription they induce. 
Interacts with the pregnane X cellular receptor, interfering with the manufacture of 
enzymes responsible for steroid hormone metabolism. 
(Cocco 2002; Eriko 2003; 
Lemaire 2004) 
Metribuzin Herbicide Causes hyperthyroidism, alters somatotrophin levels. (Porter 1993) 
Mirex Ingested Insecticide Weak oestrogen mimic (Cocco 2002) 
Molinate Herbicide Damages the reproductive tract, reducing fertility (Cocco 2002) 
Myclobutanil Fungicide 
Weak oestrogen an androgen inhibitor. Inhibits the enzyme aromatase, decreasing the 
production of oestrogens and increasing the available androgens. 
(Hurst and Sheahan 2003; 
Okubo 2004; Trosken 
2004) 
Nitrofen Selective Herbicide Oestrogen and androgen inhibitor, inhibits androgen more strongly. (Okubo 2004) 
Nonachlor Termiticide Anti-oestrogen, inhibits the binding of (3H)17 beta-oestradiol (Cocco 2002) 
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Nonylphenols Molluscicide 
Weak oestrogen mimic, decreases the cellular expression of androgen receptors. 
Inhibits the action of thyroid hormones. 
(Cocco 2002; Ghisari 
2005; Seo et al. 2006) 
Oxamyl 
Insecticide, Acaricide, 
Nematicide. Weak oestrogen mimic (Cocco 2002) 
Oxychlordane Insecticide Severely disrupts thyroid hormone production (Verreault 2004) 
Omethoate Insecticide, Acaricide. Metabolite of dimethoate responsible for its toxic actions (Brady and Arthur 1963) 
Parathion  Insecticide, Acaricide  
Inhibits catecholamine secretion, increases nocturnal synthesis of melatonin, causes 
gonadotrophic hormone inhibition. (Cocco 2002) 
Penconazole Fungicide 
Weak oestrogen inhibitor. Inhibits the enzyme aromatase, decreasing the production 
of oestrogens and increasing the available androgens 
(Hurst and Sheahan 2003; 
Trosken 2004) 
Pentachloronitrobenzene Fungicide Inhibits the production of thyroid hormones. (Cocco 2002) 
Pentachlorophenol 
Insecticide, Fungicide, 
Herbicide Weak oestrogen mimic and anti-androgen (Cocco 2002) 
Permethrin Insecticide 
Inhibits the proliferation of oestrogen sensitive cells. Metabolites also have 
oestrogenic effects 
(Kim 2004; McCarthy 
2006) 
Phenylphenol Disinfectant, Fungicide Oestrogen agonist (Sonnenschein 1998) 
Primicarb Insecticide Antagonises cellular oestrogen receptors, weakly stimulates aromatase activity. 
(Andersen 2002; Grunfeld 
2004) 
Prochloraz Fungicide 
Antagonizes the cellular androgen and oestrogen receptors, agonizes the Ah receptor 
and inhibits aromatase activity, significantly diminishes steroidogenesis 
(Mason et al. 1987; 
Andersen 2002; Grunfeld 
2004; Vinggaard 2006) 
Procymidone Fungicide 
Competitively inhibits the binding of androgen to its receptor, inhibits androgen-
inducing gene expression. (Fang et al. 2003) 
Prodiamine Herbicide Disrupts the production of thyroid hormones. (Cocco 2002) 
Propamocarb Fungicide Weakly promotes aromatase activity, increasing oestrogen production. (Andersen 2002) 
Propanil Herbicide Increases cellular response to oestrogen. (Salazar et al. 2006) 
Propazine Herbicide Induces aromatase activity, increasing oestrogen production. (Sanderson 2000) 
Propiconazole Fungicide 
Weak oestrogen inhibitor. Inhibits the enzyme aromatase, decreasing the production 
of oestrogens and increasing the available androgens 
(Hurst and Sheahan 2003; 
Trosken 2004) 
Propoxur Insecticide Weak oestrogen mimic (Cocco 2002) 
Prothiophos Insecticide Oestrogen mimic (Manabea et al. 2006) 
Pyrethrin Insecticide 
Increases proliferation of oestrogen sensitive cells at low doses together with 
physiologically relevant concentrations of oestradiol. Metabolites associated with 
elevated follicle stimulating hormone and luteinising hormone levels in men. 
(Kakko et al. 2004; 
Meeker et al. 2009) 
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Pyridate Herbicide Binds to oestrogen and androgen receptors (Okubo 2004) 
Pyrifenox Fungicide Weak oestrogen inhibitor (Hurst and Sheahan 2003) 
Pyrimethanil Fungicide Inhibits the production of thyroid hormones. (Cocco 2002) 
Pyripyroxifen Insect Growth Regulator Oestrogen mimic (Manabea et al. 2006) 
Resmethrin Insecticide Binds weakly to sex hormone binding globulin (carrier protein) (Eil and Nisula 1990) 
Sumithrin Insecticide 
Increases the proliferation of oestrogen-sensitive cells, antagonises the action of 
progesterone. 
(Garey and Wolff 1998; 
Kim 2004) 
Tebuconazole Fungicide  
Inhibits the enzyme aromatase, decreasing the production of oestrogens and increasing 
the available androgens (Trosken 2004) 
Tetrabutyltin Antifouling Agent Inhibits the production of some androgens. (Thibaut 2004) 
Tetramethrin Insecticide Exhibits oestrogen-antagonistic effects in females only (Kim 2005b) 
Thiazopyr Herbicide Disrupts the production of thyroid hormones. (Cocco 2002) 
Thiram Fungicide Reduces the conversion of dopamine to noradrenalin in the adrenal glands. 
(Caroldi and De Paris 
1995) 
Tolchlofos-methyl Insecticide Antagonises cellular oestrogen receptors. (Grunfeld 2004) 
Toxaphene Insecticide, Acaricide  
Increases the proliferation of oestrogen-sensitive cells by binding to and activating the 
oestrogen receptor. Inhibits corticosterone synthesis in the adrenal cortex (Soto 1994; Cocco 2002) 
Triadimefon Fungicide 
Oestrogen mimic, also inhibits the enzyme aromatase, decreasing the production of 
oestrogens and increasing the available androgens 
(Okubo 2004; Trosken 
2004) 
Triadimenol Fungicide 
Oestrogen mimic, also inhibits the enzyme aromatase, decreasing the production of 
oestrogens and increasing the available androgens 
(Okubo 2004; Trosken 
2004) 
Tribenuron-methyl Herbicide Weakly oestrogenic (Andersen 2002) 
Tributyltin Antifouling Agent 
Competitively inhibits the conversion of androgens to oestrogens. Inhibits the 
production of some androgens. 
(Heidrich 2001; Thibaut 
2004) 
Trichlorfon Insecticide Alters thyroid function, disturbing circadian rhythms. (Nicolau 1983) 
Trifluralin Herbicide 
Interacts with the pregnane X cellular receptor, interfering with the manufacture of 
enzymes responsible for steroid hormone metabolism. (Eriko 2003) 
Triphenyltin Fungicide 
Activates androgen receptor-mediated transcription and inhibits the enzymes involved 
in steroid hormone metabolism. (Golub 2004) 
Vinclozolin Fungicide 
Potent androgen receptor antagonist. Competitively inhibits the binding of androgen 
to its receptor, inhibits androgen-inducing gene expression. Alter androgen-dependant 
ventral prostate gene expression. Interact with the pregnane X cellular receptor, 
interfering with the manufacture of enzymes responsible for steroid hormone 
metabolism. 
(Andersen 2002; Eriko 
2003; Fang et al. 2003) 
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Zineb  Fungicide Inhibits the production of thyroid hormones (Cocco 2002) 
Ziram 
Fungicide, Bird and 
Rodent Repellent Inhibits the production of thyroid hormones (Marinovich et al. 1997) 
Demeton-s-methyl, Dialifos, 
Etridiazole, Fenothrin, Fentin 
acetate, Metam, Methyl 
bromide, Metiram, Mevinphos, 
Phosphamidon, Photomirex, 
Picloram, Piperonyl butoxide, 
Prometryn. Various 
Pesticides that are listed as EDCs by the Pesticide Action Network “List of Lists” but 
for which evidence could not be found in the course of this literature review. The 
“List of lists” records the pesticides currently listed as proven or suspected EDCs by 
UK Environment Agency, the German Environmental Agency, the EU community 
strategy for endocrine disruptors, the World Wildlife Fund for Nature list of pesticides 
with reproductive and/or endocrine disrupting effects, and the pesticides identified by 
the Oslo and Paris commission as EDCs. (PAN 2009) 
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Table 3.2. Common endocrine disrupting pesticides: their effects and modes of action. 
 
Pesticide Uses Hormones affected Mechanism References 
Organochlorines Insecticides Androgens, oestrogens, 
prolactin 
Competitive inhibitor of androgen receptors, inhibits 
oestrogen-sensitive reporter binding to androgen 
receptors. Some induce the production of aromatase, an 
enzyme that converts androgen to oestrogen 
 
(Sonnenschein 
1998; Daxenberger 
2002; Lemaire 
2004; Scippo 2004; 
Storrs 2004) 
Organophosphates Mostly insecticides, 
some herbicides 
Oestrogens, thyroid 
hormones 
Prevents thyroid hormone-receptor binding. Increases the 
expression of oestrogen responsive genes.  
 
(Kang 2004; Gwinn 
2005; Jeong 2006) 
Carbamates Herbicides and 
Fungicides 
Androgens, oestrogens, 
steroids. 
Still largely unknown. Thought to affect androgen- and 
androgen-receptor dependant mechanisms. Shown to 
interfere with cellular microtubule formation in 
oestrogen-sensitive cells. 
 
(Daxenberger 2002; 
Goad 2004; Lu 
2004; Morinaga 
2004) 
Triazines Herbicides Androgens Inhibition of natural ligands that bind to androgen 
receptors and androgen-binding proteins. Some induce or 
inhibit the production of aromatase, an enzyme that 
converts androgen to oestrogen 
 
(Hayes 2002; 
Meulenberg 2002; 
Ishihara 2003) 
Pyrethroids Insecticides Oestrogens, 
progesterone 
Different compounds antagonise or potentiate the action 
of oestrogen by acting on the oestrogen receptor or 
possibly an alternative signalling pathway. Some Inhibit 
the action of progesterone by affecting the hormone 
itself. 
(Garey and Wolff 
1998; Kim 2004) 
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Many organophosphate pesticides and their metabolites have been shown to be 
carcinogenic endocrine disruptors. Cabello et al. (2001) were the first to demonstrate 
that organophosphates can cause mammary tissue carcinogenesis in rats. Human 
epidemiological studies have linked 2,4- dichlorophenoxyacetic acid (2,4-D), a 
commonly used organophosphate herbicide, to endocrine related cancers (Goldsmith 
2000; Mills 2005). In vitro studies confirmed that it promotes the proliferation of 
androgen-sensitive cells by acting synergistically with its main metabolite, 2,4-
dichlorophenol (DCP) (Kim 2005a). Precancerous genotoxic effects have also been 
detected in rats dosed with Malathion, and its main metabolite (Blasiak 1999). 
Concentrations of Malathion as low as 10nM have been shown to damage normal 
cells in vitro (Cabello 2003). Increased apoptosis of spermatids during spermatogonial 
proliferation has been observed in young and adult mice exposed to Parathion 
(Masoud 2003), consistent with a genotoxic effect. An investigation of gene 
expression in different strains of human mammary cells exposed to Malathion in vitro 
(Bustos 2001) found that the expression of genes associated with the progression of 
the cell cycle, including those responsible for the preservation of chromosomal 
integrity, was suppressed whilst the expression of genes associated with 
carcinogenesis and steroid metabolism increased. Different strains were affected to 
different degrees, with those possessing an intermediate variant haplotype of the p53 
apoptotic gene (found in 10% of the population) being most at risk. Other 
organophosphates have been shown to carry similar risks. Isoda et al. (2005) found 
that cells from the oestrogen sensitive MCF-7 mammary cell line proliferated in the 
presence of dichlorvos, indicating an increased breast cancer risk from exposure to 
this chemical. Fenitrothion increases the androgen receptor activity of human cells in 
vitro (Tamura 2003). 
 
The effects of carbamates on mammalian sex steroid receptors have been examined in 
vitro. The human ovarian granulosa-like tumour cell line KGN expresses high levels 
of aromatase, making it a useful tool in the study of the effect of chemicals on 
aromatase production. When cells from this cell line are exposed to the fungicide 
benomyl and its main metabolite, carbendazim, a 3-fold rise in aromatase expression 
is triggered by the depolymerisation of their intracellular microtubules, which also 
interferes with cell assembly (McKenney 2004). The authors concluded that acute or 
chronic exposure to these compounds would be disruptive enough to contribute 
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significantly to oestrogen-related pathologies. That this endocrine disruptive effect is 
caused by interference with microtubule formation, and not the steroid receptors has 
been confirmed by Yamada et al. (2005) (Yamada 2005) using functional genomics. 
Androgen receptors are also affected by carbendazim. Premating exposures of male 
and female rats to carbendazim produced androgen-mediated birth defects in the 
resultant offspring which could be prevented by cotreatment with the androgen-
receptor antagonist flutamide (Morinaga 2004). 
 
Exposure of a mammary tumour cell line with a high affinity for oestrogen (Ishikawa 
var-I cell line) to the synthetic pyrethroids Fenvalerate, Sumithrin and d-trans 
allethrin, showed that both fenvalerate and sumithrin affected the response to 
oestrogen (Kim 2004; Kim 2005b). D-trans allethrin antagonised the action of 
progesterone to a small but significant degree . Although the exact mechanism is still 
unknown, further work carried out by Chen et al. (2005) suggested that the effects 
observed are possibly due to interference with the steroidogenesis signalling cascade 
and/or interference with steroidogenic enzyme activity. The results were confirmed by 
Kim et al., (2004) who demonstrated that the chemicals do not bind to the oestrogen 
receptor, but antagonise its function in another way. Tetramethrin and bioallethrin 
have also been shown to be oestrogen antagonists (Garey and Wolff 1998). The 
endocrine disrupting properties of pyrethroid metabolites are poorly understood. 
Cypermethrin and permethrin both produce a variety of metabolites with structures 
similar to 17-β-oestradiol, some of which have been shown to be weakly oestrogenic 
in vitro (McCarthy 2006). The effects of these metabolites in vivo and in combination 
with other chemicals are unknown, as are the effects of other pyrethroid metabolites. 
 
3.5 Summary of Findings 
 
Current pesticide use regulation does not take endocrine disruption into account, and 
do not protect vulnerable groups, such as foetuses, young children and those who are 
genetically susceptible to the effects of EDs. It is difficult to determine retrospectively 
whether specific medical conditions have been triggered by pesticides, other 
environmental chemicals, or an entirely different cause (Sanborn 2002). The risk to 
agricultural workers posed by the agricultural application of pesticides on farms has 
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been researched extensively, and shows that it may be reduced by taking precautions 
to reduce exposure (Zahm 1993; Blair and Zahm 1995). Further research is needed 
(Chester 1993; Hanke 2004; Fenske 2005). The agricultural use of pesticides is 
subject to extensive legislation at both a national and international level which is 
intended to minimise the risks to both applicators and the public at large (PSD 2006), 
but the effectiveness of this legislation has been brought into question, especially in 
relation to rural residents and visitors (RCEP 2005). Significant health effects have 
been recorded in studies monitoring bystander and residential exposure, (Bryden 
2005; RCEP 2005; Menegaux et al. 2006; Salameh 2006), identifying indirect 
exposure to agricultural pesticides as a human health risk. The overall use of ED 
pesticides in agriculture in the UK has fallen in recent years, but the use of the most 
popular compounds remains the same. Many older pesticides which have ED 
properties, such as Lindane and Dichlorodiphenyltrichloroethane (DDT), have now 
been phased out. Most of the ED pesticides now released into the environment are 
accounted for by the use of a few popular chemicals. 
 
Guidelines and laws to safeguard human health and prevent environmental damage by 
limiting pesticide exposure do not take endocrine disruption into account. It is now 
known that certain subsets of the human population are at greater risk from EDs than 
others due to their genetic make-up (Giwercman et al. 2006; Wingfield and Mukai 
2009), and that exposure during gametogenesis, gestation and childhood carry a risk 
far higher than exposure during adulthood. Also, there is evidence that many EDs, 
including pesticides, are more active at very low levels (parts per billion or parts per 
trillion) than at the levels used in standard toxicology tests during safety tests (parts 
per thousand or parts per million). Current pesticide safety legislation to reduce the 
risk from pesticides is based on invertebrate and vertebrate models and animal studies 
conducted using doses far higher than those usually found in the environment, when 
effects have been reported for extremely small doses. If the risks posed by endocrine 
disrupting pesticides are to be assessed properly and taken into account by legislative 
bodies, appropriate new safety test protocols must be developed and implemented. 
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The risk posed by pesticides used either publicly by government agencies and private 
companies or privately in homes have been very poorly quantified. Recently, New 
York City developed a tracking system to identify the risks posed by urban pesticide 
use (Kass 2004) in response to epidemiological evidence suggesting that its use can 
threaten human health. Two recent attempts to model the risks posed by non-
agricultural pesticide use are an adaptation of the POCER (Pesticide Occupational and 
Environmental Risk indicator) model developed by researchers at Ghent University, 
Belgium that deals with municipal pesticide use, and a detailed fugacity model 
simulating the behaviour of pesticides in an indoor environment developed by 
researchers at Harvard University, USA (Claeys 2005). Both studies have reported 
success at estimating exposure to and risk from commonly used pesticides such as 
Glyphosphate and Chlorpyrifos. Dietary pesticide intake is a contentious issue. 
Pesticides in food are monitored, and strict limits are enforced legally (Harris 2004). 
Animal studies that show clear links between individual pesticides and individual 
health effects often use doses far higher than the allowed limits, so the risk to human 
health appears to be negligible. The actual acute exposure, however, may be higher 
than anticipated due to food preferences, residue variability between individual food 
items and the greater than average consumption of a particular food at one sitting 
(Hamilton et al. 2004). The animal studies used to determine the acceptable daily 
intake of pesticides are not designed to detect ill health caused by EDs, as they do not 
test extremely low substance concentrations and rarely monitor the animals' entire 
lifecycle, particularly when animals with a relatively long lifespan are used. Also they 
do not to simulate the complex mix of ED chemicals (not all of which are pesticides) 
in the environment (Carpy et al. 2000). 
 
The risks to human health by the insecticidal treatment of parasites, particularly head 
lice (Pediculus humanus capitis), pubic lice (Phthirus pubis) and scabies (Sarcoptes 
scabiei) are rarely considered. Many common prescription treatments for head and 
pubic lice contain either Permethrin or Malathion, and they are the only treatments 
listed as likely to be beneficial by the British Medical Association (Burgess 2006). 
Both have been listed as potential EDs by the European Union implementation 
strategy for EDs, and Permethrin has also been included in the UK Environment 
Agency's strategy for dealing with ED substances in the environment (PAN 2009). A 
link has been proposed recently between the use of insecticidal shampoo to treat head 
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lice and childhood leukaemia (Menegaux et al. 2006). Estimating the exact impact of 
endocrine disrupting pesticides on the disease burden of humans or other organisms 
using conventional toxicological studies is difficult. Studies of causality or even 
associations between diseases and exposure to EDs are complex because of factors 
such as the timing of exposure relative to developmental stage (Nicolopoulou 2001), 
population heterogeneity (Davis 1995), short follow-up times (Clark and Snedeker 
2005), differences in assessment methods (Ott 2005), failure to compensate for 
confounding factors (Clark and Snedeker 2005), the multifactorial nature of the 
diseases involved (Baskin 2001; Nicolopoulou 2001), and, in the case of humans, the 
small sample sizes available for study (Davis 1995). Due to the multifactorial natures 
of the diseases in which pesticides (and other ED chemicals) are implicated; 
eliminating or reducing exposure to them is unlikely to prevent all occurrences of 
particular diseases. It is more likely to reduce the incidence and perhaps severity of 
such conditions. 
 
The phenomenon of endocrine disruption is a recent discovery, and our understanding 
of the risks it poses to the health of humans and other organisms is minimal. Although 
ED pesticides are used widely for agricultural, municipal, home and medical 
purposes, in the UK reliable data are available only for agricultural use. This makes 
risk assessment difficult, as most people in the UK or in other developed countries are 
more likely to be vulnerable to non agricultural sources of pesticide exposure. More 
data and research are needed to quantify exposure. Variations in pesticide use between 
different land uses and demographic groups must also be quantified if individual risk 
is to be assessed accurately. Pesticide residues in food may be a greater source of 
exposure than previously thought due to individual behaviours and differing degrees 
of contamination between individual food items. Biomonitoring can give a good 
indication of human pesticide exposure over both the long and short term, but this has 
been under-utilised, mainly because of cost and the invasiveness of some of the 
procedures used. Studies in this field which are larger in scale and longer in term, 
such as national monitoring programmes, are required. 
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Despite these difficulties, a large body of evidence has accumulated linking specific 
conditions to ED pesticides in wildlife and humans. Due to the structural similarities 
between the hormones and hormone receptors of different species, even if they are 
taxonomically very distant, ED effects observed in wildlife are valuable indicators of 
human health risks. Large scale epidemiological and cohort studies are needed to 
identify any effects that ED pesticides are having on individuals and the general 
population. Even with such studies, it will still take several decades to reach a definite 
consensus. In the meantime, amore precautionary approach to the use of ED 
pesticides, especially for non-essential purposes, is required. 
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4. CALCULATING HUMAN EXPOSURE TO 
ENDOCRINE DISRUPTING PESTICIDES VIA 
AGRICULTURAL AND NON-AGRICULTURAL 
EXPOSURE ROUTES 
 
4.1 Introduction 
 
This chapter examines routes of human exposure to ED pesticides, which have been 
suggested to make a significant contribution to overall ED exposure. It suggests how 
they can be quantified, including routes that are often overlooked, such as the 
medicinal use of pesticides to treat parasitic infestations and fungal infections, the 
municipal use of pesticides to maintain property and infrastructure and the exposure 
of rural and periurban residents to agricultural spray drift. Existing models used to 
calculate human and environmental pesticide exposures are reviewed and 
deterministic and probabilistic modelling is discussed. Finally, the creation of more 
holistic models of human pesticide exposure using deterministic and probabilistic 
models is described, including a requirement for new quantitative datasets. 
Deterministic calculations using point estimates of each of the variables in the 
exposure algorithm were previously the principal method of calculating human 
pesticide exposure. They are useful where there are few data as many are easy to use 
and validate, producing a single easily understood estimate of risk. Some are over 
simplistic, however, because they are incapable of incorporating large amounts of data 
and tend to overestimate exposure; moreover they do not take the variability and 
uncertainty surrounding the point estimates into account (Lunchick 2001).  
 
Probabilistic models of human pesticide exposure are widely used in the US and are 
used increasingly in Europe and the UK. The Consumer Exposure and Uptake Model 
(CONSEXPO), which models individual human exposure to and uptake of chemicals 
present in consumer products, and the Dietary Exposure Evaluation Model (DEEM), 
which predicts and analyses chronic and acute consumer dietary pesticide exposure, 
are models that use probabilistic methods that are used by regulatory bodies in the UK 
(Fryer et al. 2006). They can produce realistic models of exposure both of individuals 
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and of populations by taking into account uncertainty and variability as different 
stages of the model are completed and using all available data. Hence it is possible to 
calculate the probability that a given value or outcome will occur with a far more 
accurate estimate of risk as well as a lot of additional information which can be used 
to improve risk management (Lunchick 2001; Ferrier 2006). Probabilistic models tend 
to be data intensive, and are much more susceptible to compound errors if data that 
are included in the model or its inputs are inaccurate, or there has been any error in 
quantifying the relationships being modelled. The assumptions made during the 
model's creation must be well tested, and the mathematical algorithms it uses must be 
sound (Petersen 2000). Care must be taken to ensure that management decisions are 
not skewed by extreme but highly unlikely exposure events quantified by the model, 
and the sheer volume of data provided by a probabilistic model can make such 
decisions difficult (Lunchick 2001). 
 
The Stochastic Human Exposure and Dose Simulation model (SHEDS), Calendex and 
Lifeline are three probabilistic models that were developed in the USA and are widely 
used there. SHEDS predicts the range and distribution of individual human pesticide 
exposures, Calendex gives estimates of daily exposures affecting an individual over a 
given time period and Lifeline predicts the aggregate lifetime pesticide exposure of an 
individual and the risk posed to their health by it. All three use data  drawn from 
American sources, such as the United States of America Department for Agriculture's 
Continuing Survey of Food Intake by Individuals (CSFII) (Price et al. 2001). Cultural 
and geographical differences between the USA and other countries, such as room 
sizes and the proportion of people living in rural environments, need to be adjusted to 
give accurate exposure estimates outside the USA. Many of the datasets used in the 
USA, such as those provided by the National Home and Garden Pesticide Use Survey 
which are used by Lifeline, have no equivalents elsewhere.  
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In the UK, for example, home and garden pesticide use data are limited to one survey 
and two studies (Williams 2001; Grey 2005) and the only UK municipal pesticide 
usage data available are for rodenticide usage (Dawson and Garthwaite 2001). There 
are further uncertainties in applying the models developed in the USA, including 
sampling and measurement errors, uncertainty surrounding input data or values 
derived from input data that were collected under different spatial or temporal 
conditions to those being modelled (i.e. values derived from data collected in a 
laboratory being assumed to be the same as values derived from data collected in the 
field), conceptual errors and the subjective influence of the model user (Dubus 2003). 
 
Using these models outside the USA would require datasets collected in the region or 
country being studied. These would include climatic data, land use, demographic, 
pesticide usage and other relevant variables. Even relatively comprehensive datasets, 
such as those collected by the Pesticide Residues Committee Pesticides Residues 
Monitoring Programme (PRCPRMP) (PRC 2007) are not necessarily ideal for this 
purpose. In the case of the PRCPRMP, pesticide residue data are available for most 
commonly eaten foodstuffs, but the monitoring programme has been designed to 
target and monitor foodstuffs most likely to contain residues rather than give an 
overview of those likely to be present in an average diet. As certain commonly eaten 
foodstuffs are therefore sampled less frequently, some of the data are several years out 
of date. Further inaccuracies are added when data are collected from samples that are 
treated in a way that is not wholly representative of reality. The data gathered by 
PRCPRMP for fruit and vegetables use raw, unpeeled items, but if these data are used 
unmodified in a model, a tacit assumption is made that processing, peeling and/or 
cooking them does not affect the pesticide residues present. In reality, cooking and 
peeling reduce the residues present significantly (Dejonckheere et al. 1996; 
Schattenberg et al. 1996). Differences in the methods used to categorise data could 
also introduce difficulties in using such models. In the case of the PRCPRMP, the 
pesticide residue data are recorded for individual foodstuffs (e.g. lemons, grapefruit, 
oranges) whereas much of the consumption data available, which are collected by the 
National Diet and Nutrition Survey (FSA 2007) are recorded for categories of 
foodstuffs (e.g. citrus fruit). 
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The models used to inform policy making in the UK (Peach 2007, personal 
communication) (Nieuwenhuijsen et al. 2004; Fryer, Collins et al. 2006), the USA 
(EPA 2007) and those commonly used in Europe (Plentinger and Penning de Vries 
1996; Fryer et al. 2006) are summarised in Table 4.1. Some models are available that 
predict aggregate human exposure to pesticides from multiple sources. Most, 
including SHEDS, which focuses on children (Zartarian et al. 2000; Hore et al. 2006), 
attempt to model the aggregate environmental exposure of specific vulnerable groups. 
The Calendex model was the first computer model capable of assessing cumulative 
and aggregate human exposure. Like SHEDS, it uses probabilistic (Monte Carlo) 
analysis, but unlike any other models available at the time it estimates the daily 
exposure events affecting an individual and uses these estimates to determine the 
probable cumulative exposure of that individual, or a population of individuals, over a 
given period of time (Petersen 2000). Lifeline, a more recent computer model, can 
both delineate the aggregate exposure and dosage received by a given population and 
estimate the risks posed by the pesticides at the estimated dosage (EPA 2000b). Such 
models focus on residues in food and water and the pesticides used for residential and 
municipal pest and weed control, although the medical use of pesticides (which 
affects children disproportionately) is not included (Grey et al. 2006). Moreover, the 
models are designed primarily for monitoring the exposure of people in urban 
environments, so agricultural spray drift is not included. This is of concern in the UK 
because since the 1970s there has been a small but steady net movement of people 
away from urban centres into rural or periurban environments and families with 
children have made up a disproportionate number of those migrating from urban areas 
(DEFRA 2004). 
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Table 4.1. A summary of models currently commonly used to calculate human pesticide exposure 
 
Model Full Title Authors Subject Modelled Modelling Method Refs 
Calendex Calendar-Based Dietary 
and Non-dietary 
Aggregate and 
Cumulative Exposure 
 
Novigen Sciences 
Inc., USA 
The daily exposure events 
affecting an individual over a 
given time period 
Uses probabilistic analysis to model an individual’s 
dietary and non-dietary aggregate and cumulative 
pesticide exposure. Uses a schedule of exposure events 
to determine exposure for any length of time ranging 
from a day to a year. Uses the same dietary residue 
files as DEEM. It requires a significant amount of 
exposure data to run but the exposure analysis can be 
done in stages, which can increase the models accuracy 
by allowing each stage to be scrutinised for error. 
 
(Petersen 2000; Durango 
2008) 
CONSEXPO Consumer Exposure 
and Uptake Model 
National Institute of 
Public Health and the 
Environment, 
Netherlands 
Models human exposure to and 
uptake of chemicals used in 
consumer products. 
Flexible framework employing a collection of models 
of varying degrees of complexity to estimate substance 
exposure via dermal exposure to, inhalation and 
ingestion of chemicals in consumer products. It 
contains both probabilistic and deterministic models 
and can be used at any tier of a hierarchical exposure 
assessment.  
 
(Nieuwenhuijsen et al. 
2004; Delmaar et al. 
2005; Fryer et al. 2006) 
Consumer 
Exposure 
Model 
Consumer Exposure 
Model 
UK Pesticide Safety 
Directorate, based on 
algorithms from Rees 
and Tennant 
Makes conservative estimates of 
dietary pesticide intake. 
Simple deterministic model, predicts 24 hour dietary 
exposure. Food pesticide concentrations are derived 
from raw agricultural commodity data modified to 
consider the effects of food handling, processing and 
storage. Exposure determined simply by multiplying 
the concentration of the substance being modelled in 
food items with the amount of the food item being 
consumed.  
 
(Nieuwenhuijsen et al. 
2004; Fryer et al. 2006) 
DEEM and 
DEEM UK 
Dietary Exposure 
Evaluation Model 
Novigen Sciences 
Inc., USA 
Model intended to predict and 
analyse chronic and acute 
dietary chemical exposure. 
Uses both probabilistic and deterministic methods.  
Probabilistic methods are used to model acute 
exposure, but the model is mostly deterministic. It 
estimates acute and chronic, aggregate and cumulative 
chemical exposure. DEEM UK uses a simplified 
(Ferrier 2002; Fryer et al. 
2006) 
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version of the same approach. 
 
EASE Estimation and 
Assessment of 
Substance Exposure 
Health and Safety 
Executive, UK, and 
the Artificial 
Intelligence 
Applications Institute 
(AIAI) at the 
University of 
Edinburgh, UK 
 
General exposure model of 
workplace hazardous chemical 
exposure. 
Simplistic semi-quantitative model that uses a decision 
tree based approach. The user inputs a series of 
substance physical property use pattern, work and 
control measure data. The model then assigns exposure 
ranges to workers which are derived from databases of 
measured exposures from workplace environments.  
 
(Nieuwenhuijsen et al. 
2004; Fryer et al. 2006) 
EUSES European Union 
System for the 
Evaluation of 
Substances 
EU Member States, 
the European 
Commission, the 
European Chemical 
Industry, National 
Institute of Public 
Health and the 
Environment, 
Netherlands (RIVM), 
and the UK Health 
and Safety Executive 
 
System of models aiming to 
provide quantative assessments 
of the risks posed by chemicals 
to humans and the environment.  
Risk assessment system with a nested structure which 
considers three spatial scales (personal, regional and 
continental) simultaneously. Risk characterisations are 
produced for the personal and regional scales only. It 
uses a collection of models and databases, can run with 
limited data in some instances, and indicates where 
further data are needed if appropriate.  
 
(Vermeire et al. 1997; 
Nieuwenhuijsen et al. 
2004; Fryer et al. 2006) 
Intake  Intake Program Food Standards 
Agency, UK 
Dietary exposure Simple deterministic model, multiplies the 
concentration of the substance being modelled in food 
items with the amount of the food item being 
consumed.  Predicts exposure for up to a week. 
Concentrations in food items derived from raw 
agricultural commodity contamination data. 
 
(Fryer et al. 2006) 
Lifeline Lifeline The Lifeline Group, 
USA 
Aggregate lifetime pesticide 
exposure and aggregate risk. 
Uses both probabilistic and deterministic components 
to predict individual human daily pesticide exposure. It 
can be used to predict cumulative exposure and gives a 
better account of inter individual variation than 
CARES or Calendex.  
(Gray et al. 2000; 
Nieuwenhuijsen et al. 
2004) 
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PERFUM Probabilistic Exposure 
and Risk Model for 
FUMigants 
US EPA Post application behaviour of 
agricultural fumigants. Models 
pesticide volatilisation and the 
resultant plume, allowing for the 
creation of an effective buffer 
zone. 
Uses Gaussian dispersion algorithms to develop 
probabilistic estimates of acute exposures to bystanders 
following fumigant applications. The model considers 
the potential variability in exposures caused by 
differences in mass emission rates of the fumigants and 
the meteorological conditions following the application 
It can output probabilistic exposures based on the 
whole population surrounding the field and for  
individual maximally exposed locations. 
 
(Reiss and Griffin 2006; 
EPA 2007) 
POEM Predictive Operator 
Exposure Model. 
EUROPOEM Expert 
Group 
A screening tool used to 
calculate the exposure of 
pesticide applicators. Designed 
to aid the pesticide approval 
process. 
Three tiers, the first two consisting of a deterministic 
model. The first tier makes an exposure assessment 
based on worst-case scenarios for all the inputs. The 
result is then compared with the Acceptable 
Occupational Exposure Level (AOEL) for the pesticide 
being modelled. If the AOEL is exceeded, the 
substance is assessed using the second tier, which takes 
into account personal protection equipment, along with 
relevant information on its uptake by the skin and the 
lungs. If the estimate is still above AOEL, the 
substance proceeds to tier three, and the substance is 
subjected to a study to determine actual operator 
exposure, preferably one conducted with some form of 
biological modelling that can be interpreted on the 
basis of human pharmacokinetics. If the result is 
greater than the AOEL then the substance is not 
approved for use. 
 
(Van Hemmen 2001; PSD 
2003) 
SHEDS Stochastic Human 
Exposure and Dose 
Simulation Model 
US EPA The range and distribution of 
individual human pesticide 
exposures and doses within a 
population. 
Physically based probabilistic model using mechanistic 
equations to calculate exposure and dose and 
probabilistic sampling to select individuals from the 
population and the equation inputs affecting them. The 
equation inputs come from user specified probability 
distributions. 
 
(Zartarian et al. 2000) 
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SWIMODEL Swimmer Exposure 
Assessment Model 
US EPA A screening tool used to assess 
the pesticide exposure of 
swimmers in indoor swimming 
pools and spas. Covers 
pesticides used for pool 
maintenance as well as those 
found as water contaminants and 
differentiates between 
competitive and non-competitive 
swimmers. 
 
Deterministic model. Calculates pesticide average daily 
dose and lifetime average daily dose via Ingestion, 
Dermal, Inhalation, Buccal/ Sublingual, Orbital/ Nasal 
and Aural exposure routes.  
(EPA 2003) 
REx Residential Exposure 
Model 
Non-Dietary 
Subcommittee of the 
Organophosphate 
Case Study Group, 
USA 
 
The exposure to and risk posed 
by residential pesticide use. 
Available either as a full version, which uses both 
probabilistic and deterministic components or as a 
simpler purely deterministic version, which can be 
used as a screening level model. Uses Aggregate 
product use scenarios to make a multi-pathway 
assessment. The exposure of children aged less than a 
year, 1-6 years and 6 years or older can be calculated 
separately 
(Ferrier 2002; 
Nieuwenhuijsen et al. 
2004) 
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4.2 Routes of human exposure 
 
An individual's aggregate pesticide exposure or pesticide exposure profile is 
determined by how much contact they have with each pathway of exposure, which in 
turn is affected by the individual's lifestyle choices, such as where they live and 
socioeconomic status. A schematic diagram detailing human exposure sources and 
pathways is shown in Figure 4.1. Employment in sectors that routinely use pesticides, 
such as agriculture or pest control, increases an individual's aggregate exposure to ED 
pesticides (Van Tongeren et al. 2002; Ambroise 2005; Bouvier et al. 2006), as does 
living or working near to areas treated with pesticides (Arya 2005; RCEP 2005; 
Samuel et al. 2006). In a study of the exposure of children to organophosphate 
pesticides, children from families where one or both parents worked in agriculture or 
who lived near farms growing soya or maize had far higher exposures than children 
from non-agricultural families used as controls. Median concentrations of 
organophosphate metabolites in the urine of the highly exposed children were five 
times higher (0.05 vs 0.01 μg/ml), and the median concentrations of dimethyl 
organophosphate pesticides in house dust were seven times higher (1.92 vs 0.27 μg/g) 
(Lu et al. 2000). 
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Figure 4.1. Sources and pathways of human pesticide exposure. 
 
The use of pesticides in the home environment is another important exposure route 
(Grey et al. 2006; Menegaux et al. 2006). Their use in the UK can be estimated using 
extant household hazardous waste disposal data (Slack 2005; Slack et al. 2007). Over 
60 pesticides are approved for use in products for amateur use, and around 18,000 
tonnes of pesticides and other biocides are disposed of each year in England and 
Wales, making up over 7% of the total hazardous household waste generated (Slack et 
al. 2004). Quantifying individual human exposure, however, is difficult due to lack of 
data. Only one study of household pesticide use in the UK has been carried out (Steer 
2005; Grey 2006). It showed that pesticide use was more likely to occur in affluent, 
educated, home owning Caucasian households (see Table 4.2) (Steer 2005; Grey et al. 
2006). This correlation is not universal. In the USA, for example, pesticide use in 
New York can be correlated with housing disrepair as measured by the presence of 
one or more housing problems (peeling or flaking paint, holes in ceilings and walls, 
water damage, leaking pipes, visible mould and lack of heating or electricity in the 
last 6 months (see Table 4.3) (Whyatt 2002). In the case of New York, this difference 
is likely to be the result of the warmer climate, which encourages pests such as 
cockroaches. Other climatic, geographical, ecological, and social differences between 
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the UK and the USA also make it difficult to directly compare data collected in the 
two countries. Trends noted in UK studies must be treated with caution as the lack of 
research into home pesticide use and exposure in the UK leaves them vulnerable to 
misinterpretation and the effects of artefacts. 
 
Table 4.2. Logistic regression analyses using univariable models clustering on 
families for pesticide usage. Adapted from Steer et al. (2005). 
 
Family Factors Odds Ratio Family Factors Odds Ratio 
Family income  Paternal Education  
<£100 per week 1 None/CSE 1 
£100–199 per week 1.21 Vocational 1.19 
£200–299 per week 1.43  O level 1.32 
£300–399 per week 1.78 A level 1.44 
 £400+ per week 2.34 Degree 2.11 
Maternal Education  Housing tenure  
None/CSE 1 Mortgaged/owned 1 
Vocational 1.10 Private rented 0.61 
 O level 1.26 Subsidised rented 0.59 
A level 1.70  Other 0.71 
Degree 2.10 Ethnicity  
   Non-Caucasian 1 
  Caucasian 1.39 
 
Table 4.3. Logistic regression model of the association between pest sightings, 
control measures and housing disrepair. Adapted from Whyatt et al. (2002). 
 
Pests Sighted Odds Ratio Control Measures Odds Ratio 
Any 2.0 Any 1.4 
Cockroaches 1.3 Sticky traps 1.3 
Rodents 1.6 Gels 1.0 
  Exterminators’ spray 0.9 
  Bait traps 1.1 
  Can sprays 1.2 
  Boric Acid 1.3 
  Pest bombs 1.2 
  Miscellaneous 1.1 
 
 
Travel and recreation also present numerous potential routes of exposure. Pyrethroid 
insecticides are routinely sprayed in aircraft travelling between certain countries to 
prevent the spread of insect pests and disease vectors (Rayman 2006). Concerns have 
been raised about the exposure of both passengers and airline staff to these 
compounds (Wyss et al. 2001; Van Netten 2002) and they have been the cause of 
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work-related pesticide illness in aircraft flight attendants (Sutton et al. 2007). If the 
compounds are sprayed 20–40 min prior to boarding, the exposure of passengers and 
cabin crew is negligible, (Berger-Preiß et al. 2006) but if they are sprayed during the 
flight, as is often the case, they are kept in the atmosphere by the recirculating action 
of the planes' air conditioning. In this scenario, when pyrethrins and the synergist 
piperonyl butoxide are used, the mean exposure via inhalation has been calculated to 
be 7.5 μg pyrethrins and 47 μg piperonyl butoxide for the applicators, and 10.5 μg 
pyrethrins and 76.5 μg piperonyl butoxide for the passengers and remaining cabin 
crew. Mean total dermal exposures were calculated to be 210 μg pyrethrins and 2560 
μg piperonyl butoxide (Berger-Preiß et al. 2004). Piperonyl butoxide is not a pesticide 
itself, but it enhances the toxicity of pyrethroids and carbamates by inhibiting the 
action of the cytochrome P450 family of enzymes which would otherwise detoxify 
them (EPA. 2000a). Some people may be exposed to pesticides while pursuing 
recreational activities. Non-organic gardening, pet ownership and household do-it-
yourself projects are activities that often use ED pesticides or pesticide impregnated 
products such as garden sprays, flea collars, wood preservatives and wallpaper paste 
(Gerhard 1991; Hahn S and Hassauer M 2005; Steer 2005), although exposure data 
for this route are scarce.  
 
Exposure from other recreational activities is more likely to come from applications 
made to maintain these facilities (golf courses, sports fields etc) or from agriculture 
around the facility (Bernard 2001; Knopper 2004). A study conducted using whole 
body dosimetry and urine metabolite biomonitoring that estimated the absorbed dose 
of chlorpyrifos received by healthy adults taking part in 30 min of structured exercise 
on treated turf was 0.7 μg (+/−0.2)/kg/day using data obtained from whole body 
dosimetry or 1.1 μg +/−0.5/kg/day using data obtained from urine metabolite 
biomonitoring (Bernard 2001). The consumption of fish pursued by recreational 
anglers such as trout, smelt and other lake dwelling fish from pesticide contaminated 
water bodies can be a major source of exposure to hazardous ED pesticides, such as 
organochlorine compounds, which bioaccumulate in their tissues (Anderson et al. 
1998). 
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The contamination of food with agricultural pesticide residues is an obvious pathway 
of human exposure and it is strongly influenced by age and dietary preferences. 
Pesticide residues in food are the subject of much legislation in the EU as a whole 
(EU 2005) and in the UK (PSD 2006) and stringent programmes of monitoring are in 
place (PSD 2007). People who consume a diet containing a high proportion of organic 
food have less pesticide exposure from food residues than those who do not (Curl 
2003; Lu 2006). A study of children fed organic and conventional diets found that 
those with an organic diet had lower mean total urinary molar concentrations of 
dimethyl organophosphate metabolites and therefore lower pesticide exposures than 
those fed conventional diets (see Table 4.4) (Curl 2003). People who consume oily 
fish, meat and dairy products are likely to receive a higher dose of the older and more 
persistent compounds, such as organochlorines, due to the bioaccumulation of some 
persistent lipophilic pesticides such as Dichlorodiphenyldichloroethylene (DDE) and 
other DDT breakdown products in the fat in meat and dairy products, than people who 
eat diets that are predominantly vegetable based (Bro 1996; Darnerud 2006). Infants 
and children receive disproportionately large exposures to some organochlorines and 
newer less persistent pesticides from dietary sources because their diets generally 
contain a lot of fruit and vegetable products. They also eat more per unit bodyweight 
than adults (Givens 2007).  
 
Table 4.4. Dose estimates (μg/kg/day) for four organophosphorus pesticides 
based on attribution of all dimethyl metabolites to each pesticide (conventional > 
organic, p = 0.001) Adapted from Curl et al (2003) 
 
Pesticide Organic diet mean dose 
estimate (μg/kg/day) 
Conventional diet mean 
dose estimate (μg/kg/day) 
Oxydemeton-methyl 0.3 2.2 
Azinphosmethyl 0.4 2.8 
Phosmet 0.4 2.8 
Malathion 0.4 2.3 
 
 
Compounds used to control ectoparasites, such as head lice, and treat fungal 
infections are another source of pesticide exposure (Nieuwenhuijsen et al. 2004; Grey 
2005), especially for children and adults who live and work in close proximity to 
them due to the transmission and treatment of head lice (Gordon 1999; Bouvier et al. 
2006; Grey et al. 2006). People who own or work with pets treated for flea 
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infestations also have increased exposure (Grey 2005; Bouvier et al. 2006; Grey et al. 
2006). A study of exposed workers in Paris, which included nine who were 
veterinarians or veterinary workers, found that they were exposed to higher median 
levels of ethyl organophosphates in the air than the general population (106 pmol/m
3
 
opposed to 5 pmol/m
3
) and on their hands (475pmol/m
3
 opposed to levels to low to 
detect) (Bouvier et al. 2006). The treatment of human fungal infections is another 
potential source of exposure, although little work has been undertaken to determine 
whether any ED activity they display poses a risk to human, animal or environmental 
health. In vitro testing has shown that several commonly used medicinal azole 
fungicides, including bifonazole, miconazole, and clotrimazole, are as potent as 
inhibitors of the enzyme aromatase as the aromatase inhibiting antioestrogen drugs 
used to treat breast cancer (see Table 5.5) (Scholz et al. 2004). Other hormones have 
also been found to be affected. Lanosterol-14_-demethylase is the precursor of 
follicular fluid-meiosis activating steroid, a hormone involved in the control of 
meiosis, has been found to be inhibited by a variety of azoles, including some which 
are used in human medicine (see Table 4.6). Older drugs such as miconazole are the 
most potent, whilst some newer drugs such as fluconazole and itraconazole are 
relatively weak aromatase inhibitors (Trösken et al. 2006). Medical pesticide exposure 
data are very scarce. Only one study, of the skin absorption of malathion from a 
topical pediculicide (Brand 2005), has been found in the literature. 
 
As cut flowers and ornamental plants are not grown for food, pesticide residues 
present on them are not monitored. Data are therefore scarce, and only a single 
American study of cut flower pesticide residues is available. It measured the residues 
present in samples of flowers imported from growers in South America and found 
85% had one or more pesticide residue present, 17.1% had pesticide residues of over 
5 parts per million (ppm), and three of the 105 lots sampled had residues of over 400 
ppm (Morse et al. 1979). It is unknown whether residues in cut flowers and 
ornamental plants pose a hazard to consumers, but pesticide related illnesses in people 
involved in their production are common (Lu 2005; Lu 2007) and have also been 
observed in people involved in their packaging and sale (Morse et al. 1979). Exposure 
data for this route are similarly scarce. An investigation into the exposure of 
occupationally-exposed and non-occupationally exposed adults to organophosphates 
found that florists, gardeners and veterinarians were exposed to an average of 185 
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pmol/m
3
 organophosphates via indoor air whilst they were undetectable in the general 
population. The exposed population was also found to have on average 1250 pmol on 
their hands whilst the general population had 475 pmol (Bouvier et al. 2006b). 
 
Table 4.5. The amounts of selected azoles required to reduce the activity of 
human aromatase (CYP19) by 50% (IC50). Adapted from Scholz et al, 2004. 
 
Azole IC50 (µM) Standard error* 
Fungicides   
Prochloraz 0.047 1.06 
Flusilazole 0.055 1.04 
Imazalil 0.072 1.32 
Myclobutanil 0.47 1.07 
Penconazole 0.85 1.17 
Epoxiconazole 1.44 1.65 
Propiconazole 3.2 1.13 
Tebuconazole 5.8 1.18 
Cyproconazole 8.5 1.09 
Triadimenol 12.6 1.18 
Triadimefon 17.5 1.10 
Hexaconazole 35.0 1.08 
Bitertanol > 20 (24% inhibition) - 
Antimycotic agents   
Bifonazole 0.019 1.19 
Miconazole 0.064 1.15 
Clotrimazole 0.11 1.54 
Ketoconazole 5.6 1.23 
Itraconazole > 70 (33% inhibition) - 
Voriconazole > 140 (40% inhibition) - 
Fluconazole > 140 (16% inhibition) - 
Cytostatic drugs   
Fadrozole 0.0076 1.27 
Letrozole 0.015 1.19 
* The standard error is given as a factor because estimates of IC50 values and standard errors were 
given on a logarithmic scale. 
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Table 4.6. The amounts of selected azoles required to reduce the activity of 
human lanosterol-14_-demethylase (hCYP51), by 50% (IC50). Adapted from 
Trösken et al 2006. 
 
Azole IC50 hCYP51 (μM) Geometric Standard Error 
Fungicides   
Bitertanol 1.30 1.29 
Cyproconazole 22.8 1.62 
Epoxiconazole 1.95 1.51 
Flusilazole 3.36 1.58 
Hexaconazole 15.6 1.5 
Imazalil 36.1 1.95 
Myclobutanil 29.0 1.57 
Penconazole 19.3 1.40 
Prochloraz 5.00 1.23 
Propiconazole 8.25 1.41 
Tebuconazole 3.61 2.08 
Triadimefon 9.95 1.62 
Triadimenol 37.2 1.36 
Antifungal drugs   
Bifonazole 0.80 1.80 
Clotrimazole 0.85 1.47 
Fluconazole >30 (23% inhibition) - 
Itraconazole ≈30 (53% inhibition) - 
Ketoconazole 0.43 1.24 
Miconazole 0.057 1.24 
Cytostatic drugs   
Fadrozole ≈100 (54% inhibition) - 
Letrozole >100 (11% inhibition) - 
 
 
Geographical location has an influence on pesticide exposure. Rural residents have 
profiles that are markedly different to urban residents as the result of crop spraying. A 
study of homes in Iowa found that herbicide residues were detected in 61% of rural 
homes and only 16% of urban ones, and the concentrations detected were about 2.5 
times greater (Ward 2006) in rural homes. Not only are rural residents at risk from 
agricultural spray drift (RCEP 2005; Samuel et al. 2006), they are also likely to use 
the agricultural land near their homes for recreational activities such as walking and 
exercising their dogs. Unless they travel to rural areas frequently, people living in 
urban environments will be exposed to agricultural pesticides only through food, 
garden plants and cut flowers. In urban areas, pesticides are used to maintain public 
areas such as parks, playing fields, footpaths and public and private property. Data on 
the agricultural use of pesticides are closely monitored and put into the public domain, 
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but there is no such requirement for pesticides used municipally or in private homes. 
Pesticides used for parks, gardens, recreational facilities and infrastructure such as 
railways represent a largely unaccounted for source of urban exposure (Arya 2005; 
Samuel et al. 2006) that could contribute significantly to the overall exposure profiles 
of urban dwellers. 
 
It is difficult to assess the relative importance of some routes of exposure because no 
data sets that would allow these to be calculated are available. Pesticide exposure 
from the use of pesticides for medicinal purposes and exposure from cut flowers and 
ornamental plants both need to be quantified, and better datasets are required for 
pesticide exposure from spray drift, home use, municipal use and travel. Exposures 
via food and water are both chronic exposure routes affecting the entire population. 
Food residues are currently thought to be the most important exposure pathway, for 
although residue levels present in food tend to be below the maximum residue levels 
permitted by law (PRC 2007), they do result in constant measurable low level 
exposure (Leoni 1995; Jong and Snoo 2001). Residues in drinking water tend to be 
very low, typically less than 0.1 μg/L (Wenzel et al. 2003). 
 
4.3 Summary of Findings 
 
Probabilistic modelling is highly regarded as a means of estimating human exposure 
where good data are available and is rapidly gaining favour as a tool for risk 
management decisions (Mekel 2001; Ferrier 2006). Probabilistic models have been 
adopted widely for environmental pesticide exposure risk assessment in Europe 
(Ferrier 2006). At the UK level, a DEFRA funded study examining how probabilistic 
modelling could be used in pesticide exposure modelling to address uncertainty 
concluded that it could be applied without producing large volumes of extraneous data 
and allowed landscape variability to be taken into account, and that the data 
requirements of the models could be reduced if the probabilistic scenarios used for 
exposure calculations were standardised. It also concluded that where small datasets 
have to be extrapolated from, there are established methods of expressing the 
associated uncertainty, that probabilistic methods are suitable for use during risk 
assessment refinement and are useful for validating the results of the deterministic 
estimates used in earlier tiers (DEFRA 2004). Deterministic models are very useful 
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where there are few data and the risk estimates they produce are easy to understand. 
They are not as susceptible to compound error as probabilistic models and although 
some can be over simplistic, others can incorporate large amounts of data and include 
probabilistic elements where appropriate. One of the major challenges in the 
assessment of human pesticide exposure is the lack of exposure data for certain 
exposure routes. Therefore a model or a framework of models combining both 
deterministic and probabilistic elements could be used to give a better estimate of 
human exposure than a model or model framework that is entirely probabilistic or 
deterministic. 
 
Quantifying the risks posed by the different routes of exposure will play an important 
part in designing and implementing effective risk mitigation for ED pesticides. The 
European Community has developed the EUFRAM (European Framework for 
probabilistic risk assessment of the environmental impacts of pesticides) framework 
to introduce probabilistic risk assessment into their pesticide environmental exposure 
risk analysis. The findings of this project suggest that risk analysis tends to be carried 
out using data gathered using both deterministic and probabilistic methods, and that 
probabilistic models work best when incorporated into the higher tiers of risk 
assessment programmes (EUFRAM. 2006). It would be useful, in future work to 
examine the mathematics underpinning the available probabilistic and deterministic 
models, their inputs and the forms of their outputs to understand the advantages and 
disadvantages of the two types of model. Some important routes of human exposure, 
such as the exposure to bystanders from municipal and agricultural sources, remain 
poorly quantified despite many epidemiological studies showing that this route of 
exposure can cause serious harm to human health (RCEP 2005). Pesticide residues on 
cut flowers and ornamental plants, and exposure to the pesticides used to disinsect 
aeroplanes have thus far had little attention, but they still could represent a significant 
source of exposure to some people. As of yet, none of these routes of exposure are 
covered by existing monitoring programmes, and few relevant data have been 
collected by the studies that exist. Until such data are available, modelling these 
routes of exposure is impossible. 
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The main difficulties in developing a holistic model, or group of models to predict 
human pesticide exposure, are the uncertainties surrounding some of the exposure 
routes and the poor quality or paucity of the data available for some of them. 
Stochastic models can be used to account for some of this variation, but at least five 
important routes of human exposure (agricultural spray drift, dietary exposure, 
municipal, medicinal and home pesticide use) must be quantified and accurate 
datasets gathered from field studies or monitoring programmes to allow them to be 
included in a model. Exposure via cut flowers, ornamental plants and exposure to 
pesticides on aircraft should also be quantified, if only to assess the risk to people 
whose professions put them at particular risk from such exposure routes. Differences 
in exposure between people living in urban, periurban and rural environments also 
need to be quantified. Although adapting an existing probabilistic human pesticide 
exposure model would be the easiest way to create a holistic model or group of 
models to predict human exposure, the datasets used to create and run them would 
need to be replaced with ones relevant to the country or region using the new model 
or group of models.  
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5. TOWARDS A NEW RISK ASSESSMENT 
FRAMEWORK FOR HUMAN EXPOSURE TO 
ENDOCRINE DISRUPTING PESTICIDES IN THE UK. 
 
5.1 Introduction 
 
Several factors make the risk assessment and management of EDCs difficult. These 
include the increased physiological response at low doses of many of the substances 
which show biphasic or j-type dose response curves rather than the simple monotonic 
dose– response curves assumed by conventional toxicological testing (Vandenberg et 
al. 2009). Moreover, laboratory studies usually do not cover whole lifecycle effects or 
investigate the health of offspring. Compounds are tested individually, despite the 
fact that pesticide formulations may include more than one EDC and that EDCs 
generally occur in the environment as a cocktail of manmade chemicals with other 
naturally occurring compounds that may have synergistic, additive or antagonistic 
effects (Cheek et al. 1999; Hayes et al. 2006; Koppe et al. 2006). Many pesticides and 
some pesticide adjuvants have been shown to have ED properties. Some of the more 
toxic and persistent pesticides have had their use restricted or banned (Vandelac 
1999), as have some adjuvants. For example, the use of nonylphenol and octylphenol 
as surfactants in pesticide formulations are now restricted in the UK as they are 
proven EDCs, but there is still no requirement for any of the other adjuvants in use to 
be assessed (HSE 2009), as the legislation governing them is primarily concerned 
with their effectiveness. Toxicity testing of adjuvants is only required when 
compounds already in use are shown to cause harm to human or environmental health 
(HSE 2009).  
 
The purpose of this chapter is to present a framework for the risk assessment of ED 
pesticides and to examine the issues that need to be addressed before such a 
framework could be implemented in the UK. The concept of critical groups is 
introduced and the methodology that would allow a tiered risk assessment framework 
to be implemented is explained using hypothetical case studies. This concept is used 
effectively in the nuclear industry but not in chemical risk assessment. As in the case 
of radioactive isotopes, the risks posed by ED pesticides are not uniform throughout 
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the population, with some individuals being more susceptible to their effects than 
others. Focusing on risk reduction for vulnerable groups improves public safety 
generally, in keeping with the precautionary principle. Unexpected dose responses at 
low concentrations and the effects of adjuvant chemicals are highlighted in the 
development of a suitable framework. 
 
5.2 Background. 
 
The assessment and management of the risks posed by ED pesticides to human and 
environmental health depends on the identification of these compounds and 
quantification human exposure to them (McKinlay et al. 2008a). Many of the older, 
toxic pesticides that have been phased out are confirmed as having ED properties but 
the ED properties of the pesticides currently approved for use are either unknown or 
controversial (Cheek et al. 1999; Andersen 2002). Lists of known and possible ED 
pesticides have been compiled by governmental bodies such as the Environment 
Agency of England and Wales, the German Environmental Agency 
(Umweltbundesamt) and the European Union (EU) (PAN 2009). In 2009 the USEPA 
released a list of 67 suspected EDCs to be screened under the Federal Food, Drug and 
Cosmetic Act (EPA 2009). Some of the pathways can be modelled using one of the 
available human pesticide exposure models. The models are limited to the purposes 
for which they were created, so some important exposure routes, such as medicinal 
pesticide use, are not included (Fryer et al. 2006).  
5.3 Critical Groups 
 
Foetuses, young children (<3 years), and cancer patients are more sensitive to 
interference with cell division and growth than other groups. Foetuses and young 
children grow and develop rapidly under the control of growth factors and other 
endogenous hormones (Barker 2004). Cancer cells have an impaired ability to 
regulate their division, the ability to invade surrounding tissue and in some cases can 
travel to new sites in the body through the blood and lymph to form secondary 
tumours. Some EDCs can promote the growth and spread of the cancer (Diamanti-
Kandarakis et al. 2009; Zhu et al. 2009) and/or impair immune function, inhibiting 
the body’s ability to fight the disease(Iguchi et al. 2001; Chalubinski and Kowalski 
2006). Patients in full remission are at increased risk of cancer due to the risk of 
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cancer recurrences (Muscat et al. 2003) and are therefore included as a critical group. 
Pesticide applicators can be more exposed to ED pesticides than the general 
population (Ross et al. 2006), and expose their families via pesticide residues on 
clothing and vehicles (Curwin et al. 2005). Harm being caused by exposure to toxic 
substances via residues taken home by workers is not a new phenomenon. 
Mesothelioma cases amongst the family members of workers exposed to asbestos are 
well documented (Anderson al. 1976). 
 
5.4 Tiered Risk Assessment 
 
Tiered risk assessment allows resources to be targeted at compounds most likely to 
cause harm and reduces the need for in vivo testing. The framework proposed here is 
based on the tiered predictive toxicity testing scheme proposed by Combes et al 
(2006). It allows the Regulation, Evaluation, and Authorisation of Chemicals 
(REACH) system to be applied in the implementation of the European Union’s Future 
Chemical Policy. A preliminary risk assessment process reviews existing 
toxicological data related to the compounds of concern and is followed by a series of 
tests (Figure 5.1). These are either carried out in silico tests based on (Quantitative) 
Structure-Activity Relationship (Q)SAR) modelling or in vitro physicochemical tests. 
(Q)SAR) modelling predicts the interactions between complex molecules and 
structures at the molecular level, and can be used to model interactions between 
potential EDCs and   cellular receptors and other proteins involved in hormone 
production, transport and function. Those predicted to possibly interact can be 
prioritised for further testing. In vitro tests use the reactions of living cells to potential 
EDCs to predict whether the chemicals are likely to affect entire organisms and what 
effects they are likely to have. By combining the results of this risk assessment with 
production volume and human usage pattern data, the compounds can be prioritised 
based on their toxicity, ED properties and potential for human exposure. Further 
testing can be carried out in vivo if required, and the data combined with existing 
hazard and exposure data to perform a more detailed risk assessment which can be 
used to inform policy. 
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a) As performed by the Health and Safety Executive; b) If unavailable, generated using in vivo testing; 
c) In a few cases, where in vitro tests have been accepted as replacements; d) Focus on 
subchronic/chronic, if acute human data are available; e) Prioritisation of testing: low priority and high 
priority are relative phrases, meaning that chemicals of high priority need to be subjected to risk 
assessment before chemicals of low priority.  
 
Figure 5.1. Tiered Predictive Toxicity Testing Scheme to Facilitate the 
Implementation of the REACH System of Chemical Regulation. Adapted from 
Combes et al (2006). 
 
 
5.5 Model Framework 
 
The framework proposed here (Figure 5.2.) consists of two tiers of exposure 
modelling followed by risk assessments. Preliminary tests, carried out either in silico 
or in vitro are used to determine whether suspected ED pesticides are likely to affect 
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the endocrine system. Conservative mostly deterministic models requiring few inputs 
are used in tier one to model the exposure of vulnerable groups using urban and rural 
scenarios. Separate exposure assessments are made for residents of urban and rural 
areas as the pesticide exposure routes affecting urban residents differ from those 
affecting rural ones. Exposure to any compound found to reach a vulnerable group in 
quantities that are of concern to that group by tier one progresses to tier 2. This tier 
consists of more input intensive models with probabilistic as well as deterministic 
components. These can also be used to identify data gaps. Additional hazard data for 
the compound in question can then be gathered if necessary.  Together with existing 
human and chemical data, this hazard data can be used to conduct a risk assessment 
which can be used to determine what should be done to reduce the risks posed by the 
compound in question.  
 
A hypothetical individual representative of each vulnerable group is used to generate 
exposure data in both tiers. Foetal pesticide exposure, which is difficult to measure 
directly, has not yet been modelled. The exposure of a woman in her late 20s-early 
30s which is close to the current average age of first time mothers at childbirth in the 
UK (29) is therefore used as a proxy (NOS 2000). Models are available for both 
pesticide applicators and young children. The average age for pesticide applicators is 
not known, so it was assumed that they would be average adult males. The young 
child was designated as a 3 year old female, as exposure of females to EDCs risks 
damage to the undeveloped eggs in their ovaries. Cancer is mainly a disease of the 
elderly, with 74% of sufferers in England being over 60 and an average age at 
diagnosis of 65-69 for men and 70-74 for women (NOS 2005), therefore cancer 
patients are represented by a man in his 60s and a woman in her 70s. 
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Figure 5.2. A 2 tier framework for the risk assessment of ED pesticides, focusing 
on the exposure and risk posed to critical groups. 
 
 
Suitable models for as many of the exposure routes as possible were identified by 
reviewing literature available via the Metalib search engine and by investigating the 
modelling resources listed or referred to on the websites of UK, US and EU 
environmental bodies. They are listed in Table 5.1 along with their advantages and 
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disadvantages. It was reasoned that estimates of exposures resulting from the main 
routes for which exposure routes had been developed could be given using 
combinations of the models available. For tier 1 assessment National Estimate of 
Short Term Intake (NESTI), a simple deterministic model of individual human 
exposure to pesticide residues in food ingredients was used to calculate exposure 
from dietary sources. Non-dietary non-occupational exposure was modelled using the 
deterministic component of the Residential Exposure (REx) model, (SAP 2000) 
which calculates individual exposure to pesticides used residentially. ConsExpo could 
also be used to model indoor domestic exposure, but was deemed less suitable as it 
does not include veterinary pesticide use. The Predictive Operator Exposure Model 
(POEM), a screening tool calculating applicator exposure, and the Estimation and 
Assessment of Substance Exposure Model (EASE), which models general exposure 
to hazardous chemicals in the work place, were found to be suitable for calculating 
operator exposure to agricultural pesticides.  
 97 
Table 5.1. Models suitable for the Framework, Their Advantages and Disadvantages 
 
 
Model Tier Outputs Advantages Limitations 
National Estimate 
of Short Term 
Intake (NESTI) 
I Estimates individual daily exposure to residues 
via food using UK national diet and nutrition 
surveys, Ministry of Agriculture Fisheries and 
Food (MAFF, now the Department for 
Environment, Food and Rural Affairs) infant 
feeding surveys, MAFF vegetarian survey, 
Pesticide Residue Committee residue surveys. 
 
Easy to use, UK specific, model  exposure 
of specific sub- populations (vegetarians, 
children, infants) 
Answers very conservative 
Consumer 
Exposure Model 
(ConsExpo) 
I Applicator, bystander and consumer 24 hour or 
yearly pesticide exposure via the skin, lungs 
and gut. 
Takes pesticide residue losses due to 
cooking, storage, preparation and handling 
into account; can give conservative 
Theoretical Maximum Daily Intake (TMDI) 
estimates.  
 
Answers conservative, needs more data 
than NESTI, and does not cover 
veterinary use. 
Predictive 
Operator 
Exposure Model 
(POEM) 
 
I Absorbed doses resulting from applicator 
exposure via spraydrift 
Assess pathway specific exposures such as 
dermal exposure or exposure via inhalation 
Cannot give estimates of cumulative 
pesticide exposure 
Estimation and 
Assessment of 
Substance 
Exposure (EASE) 
I (screening 
model), II 
(full 
version) 
Non-occupational and occupational exposure 
to pesticides used in home and garden (both 
applicator and area users post-application). 
Can be used at both tiers where modelling is 
required. Flexible scenarios could be used 
both for domestic and municipal sources. 
Includes pets as a post application dermal 
exposure route. 
 
U.S. developed model, would need 
modification to be used in UK risk 
assessment. 
Residential 
Exposure model 
(REx) 
I, II if data 
available. 
Calculates surface (lawns, floors, etc.) residue 
concentration on surfaces as function of 
pesticide application; transfer of residues to 
skin; Dermal residue penetration; ingestion of 
residues on skin; Oral ingestion of residues. 
Can be used at both tiers. Each route 
calculated separately, individual modules 
can be easily integrated with other models. 
Spray drift between homes or from 
applications elsewhere not taken into 
account. Individual behaviours and 
application conditions unaccounted for. 
Limited calibration of individual 
residential exposure model 
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components. Lack of validating 
experimental data. 
 
European Union 
System for the 
Evaluation of 
Substances 
(EUSES) 
I or II if 
sufficient 
data 
available. 
Occupational and non occupational exposure 
to pollutants via biotransfer and 
bioconcentration of persistent compounds. 
Can perform tiered risk assessments of 
increasing complexity if sufficient data are 
available. Calculates applicator exposure 
via handling and spraydrift as part of air and 
soil borne exposure. Includes annual 
depositional fluxes and can cope with 
discontinuous emissions. Fully quantitative 
and predicts environmental pesticide 
concentrations. Freely available in public 
domain. 
 
Estimated pesticide doses are often 
high as the highest recorded regional 
values are used to represent the 
chemical concentrations present. 
Unsophisticated model of direct 
occupational exposure, uses same 
methodology as EASE. 
(Residential) 
Stochastic Human 
Exposure and 
Dose Simulation 
model 
((Residential) 
SHEDS) 
II Estimates residential and consumer pesticide 
exposure using both deterministic and 
probabilistic methods. Includes a component 
for calculating the contribution of agricultural 
pesticides to dietary intake via drinking water 
Particularly suited to estimating the 
exposure of children aged between 1 and 6. 
Covers a wide range of residential exposure 
routes including cracks and crevices, lawns; 
garden and wood preservative treatments; 
outdoor surfaces and soil/plants. Freely 
available in the public domain. 
 
Developed in the U.S., very data 
intensive. 
European 
Predictive 
Operator 
Exposure Model 
(Euro POEM) 
II Predictive occupational exposure database 
used to determine the safety of new pesticides 
when they are registered. 
Particularly suited for estimating the 
exposure of pesticide applicators and 
bystanders. 
Data intensive. 
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If the exposure of one or more critical groups exceeded the Acceptable Daily Intake 
(ADI) set by the International Programme on Chemical Safety’s Joint Food and 
Agriculture Organisation (FAO)/WHO Meeting on Pesticide Residues (Tomlin 2000) 
exposure could be modelled using the second tier. The European Union System for 
the Evaluation of Substances (EUSUS) model comprises of a system of models which 
can estimate human and environmental exposure to chemicals and the risks the 
exposures pose if sufficient data are avaliable. Part of it could be used to calculate 
exposure to compounds for which there are large complete data sets, together with 
high tier components of the REx model (SAP 2000), SHEDS or Residential-SHEDS 
for modelling exposure from food, facility maintenance and domestic pesticide use. 
The exposure of pesticide applicators and bystanders affected by spraydrift could be 
estimated using the European Predictive Operator Exposure Model (EUROPOEM) 
model. Additional hazard and exposure data needed for final risk assessment can 
sometimes be obtained from pre-existing databases such as the BCPC’s pesticide 
manual (Tomlin 2000). If they are not available then exposure studies are necessary 
to determine whether the risks posed to any of the vulnerable groups are acceptable 
and what can be done to reduce them. 
 
5.6 Case Studies 
 
The herbicide 2,4D and the insecticide Malathion have both been shown to have 
endocrine disrupting properties (Cocco 2002; Ishihara 2003; Kim 2005; Ohnishi et al. 
2008). They are used in agriculture, and Malathion is also recommended by the 
British Medical Association for the treatment of head lice (Dawes et al. 1999). 2,4D 
is used domestically as a weed killer and in 2006 it was the third most popular 
pesticide used for amenity purposes in the UK (Risk and policy analysts ltd. 2008). 
Malathion is classified as a category III hazard (slightly hazardous) by the World 
Health Organisation (PAN 2005). It has been shown to inhibit synthesis of 
catecholamines (a class of hormones and neurotransmitters that includes adrenaline 
and dopamine) (Cocco 2002), bind to thyroid hormone receptors and has been 
implicated in the impairment of oocyte fertilisation, development, implantation and 
embryonic survival (Bonilla et al. 2008; Ducolomb et al. 2009). 2,4D is classified as 
category II (moderately hazardous) by the WHO. In combination with testosterone it 
has synergistic androgenic effects on the reproductive development of male rats (Kim 
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et al. 2002) and promotes the proliferation and nuclear translocation of androgen 
responsive human prostate cancer cells . The status of 2,4D as a carcinogen is 
controversial, but a case controlled study has shown that pet dogs of owners that treat 
their lawns with 2,4D are more susceptible to malignant lymphomas (Hayes et al. 
1991), and other studies link occupational exposure to non-Hodgkin’s lymphoma and 
soft tissue sarcomas (Pearce and McLean 2005). 
 
5.6.1 Tier 1. 
 
Acute reference dose and residue data for individual foods required to run the NESTI 
model were obtained from the World Health Organisation’s background documents 
for the development of its guidelines for drinking water quality (Fawell et al. 2003) 
and from the most recent UK Pesticide Residue Committee pesticide residues 
monitoring report (PRC 2008). Drinking water residue exposure estimates were 
calculated using food consumption and body weight data taken from the Food 
Standards Agency’s 2004 National Diet and Nutrition Survey (Hoare et al. 2004) and 
residue data from the Drinking Water Inspectorate’s 2007 annual reports from 
Thames Water Utilities Ltd (Thames Water Ltd 2007) and Anglian Water Services 
Ltd (water extracted from rural catchments including large areas of intensive 
agriculture) . The results of the National Diet and Nutrition Survey for young children 
(1.5-4.5 years) cost too much to access and so the intake for a 3 year old child 
recommended by Water UK was used (Water UK 2008). Child weight was obtained 
from the World Health Organisation child growth standards   
(http://www.who.int/childgrowth/standards/technical_report/en/index.html) . 
 
Amenity and agricultural occupational exposures were calculated using POEM. 
Values for human dermal absorption were determined by reviewing existing literature 
(Zendzian 1994; Ross et al. 2005). Default mixture and load data were used and it 
was assumed agricultural operators used gloves and protective clothing, a tractor 
mounted boom sprayer with hydraulic nozzles and that 50 ha would be covered in 6 
hours spraying. Operators spraying pesticides for amenity purposes were assumed to 
use a 15L hand held hydraulic sprayer, spray low targets, use gloves when mixing and 
applying pesticides and spray for 6 hours per day, covering 1 hectare. As the REx 
model was unavailable to download and could not otherwise be obtained, the 
ConsExpo model was used to estimate exposure from amenity and domestic sources. 
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Molecular weights, octanol-water partition coefficients and other physical data were 
sourced from the BCPC e-pesticide manual (Tomlin 2000). Exposure to spray was 
used as the inhalation model and the exposure duration was assumed to be 1 hour. 
Default uptake data were used where possible and other exposure data sourced from 
existing literature (Nishioka et al. 2001). 
 
5.6.1.1 2,4D 
 
Estimated exposure pathways are listed in Table 5.2. Amongst the foodstuffs tested 
by the Food Standards Agency, only oranges were found to have detectable 2,4D 
residue. Anglian Water Services Ltd reported no 2,4D residues in any tap water 
samples, despite being situated in an area of intensive arable agriculture. The 
Acceptable Daily Intake (ADI) of 2,4D determined by the United Nations Food and 
Agriculture Organisation and the World Health Organisation is 0.01 mg/kg body 
weight (Tomlin 2000). Estimated exposure from food exceeded this threshold for all 
vulnerable groups except cancer patients. Exposures to residues present in water were 
well below the ADI for all vulnerable groups. Urban pesticide applicators were the 
only occupationally exposed group with an exposure estimate exceeding the ADI. 
Amenity and domestic exposure estimates for all the groups exceeded the ADI. Tier 2 
exposure modelling is required for 2,4D exposure via amenity and domestic use for 
all the vulnerable groups, and it is required for exposure via residues in food for all 
the groups except cancer patients and urban pesticide applicators.  
 
Table 5.2. Estimated critical group daily exposures to 2,4D for urban and rural 
populations. 
 
 
2,4D Tier 1. ARfD= 0.01g/kg
Daily exposure, g/kg body weight.
Vulnerable Group Food Water Occupational Amenity Domestic
Pregnant woman (urban) 0.01133 0 0 0.17 0.02
Pregnant woman (rural) 0.01133 0 0 0.17 0.02
Child (3yrs old, urban) 0.04970 0 0 1.3 0.3
Child (3yrs old, rural) 0.04970 0 0 1.3 0.3
Pesticide applicator (rural) 0.01133 0 0.01 0.19 0.02
Pesticide applicator (urban) 0.01133 0 0.04 0.19 0.02
Cancer patient (urban) 0.00947 0 0 0.2 0.02
Cancer patient (rural) 0.00947 0 0 0.2 0.02
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5.6.1.2 Malathion 
 
Malathion has an ADI of 0.03 mg/kg body weight (Tomlin 2000) and none of the 
estimates for any of the exposure routes modelled exceeded this figure (Table 5.3). 
No suitable modelling tools were available for the medicinal use of malathion, but the 
transdermal absorption of malathion from pediculicides has been investigated, so 
rough estimates of human exposure can be made. Skin permeability to malathion is 
not uniform across all age groups and skin areas. The stratum corneum, which 
consists of the dead keratin-filled outer layers of the epidermis, acts as a barrier to 
most chemicals applied to the skin. Skin is at its most absorbent when it is thin, 
hydrated and well perfused with blood vessels. The presence of hair follicles and 
ducts in the skin in areas such as the scalp provides pathways that chemicals can 
perfuse along, bypassing the stratum corneum.  Similarly, areas where the skin is 
required to be very flexible, such as the scrotum, are vulnerable as the stratum 
corneum there is thin (Scharf et al. 2008). Table 5.4 shows the estimated daily 
exposures of each critical group to treatments for head lice, scabies and pubic lice on 
days when the treatments are applied.  
 
Treatments are assumed to be in the form of a lotion containing 0.5% malathion 
dissolved in acetone which is left on the skin for 12 hours. 25ml is assumed to be used 
per treatment for head lice in children and 50ml is used per treatment for adults, in 
line with current medical recommendations (NHS 2009a). Scabies and pubic lice are 
assumed to be treated with 50 ml of lotion per treatment for children and 100 ml for 
adults. Malathion has a solubility of 250 000 mg/l in acetone (EMA 2004), so each 
millilitre of a 0.5% solution will contain 12.5mg. In a comparative review, Wester and 
Noonan (Wester and Noonan 1980)listed an average absorption of 8.2% for malathion 
dissolved in acetone applied to adult human skin for 12 hours.  
 
To account for differences in permeability between regions of the body, the whole 
body dose was determined by calculating the sum of the doses received by each body 
area. These were calculated using the percentage of the body’s skin represented by 
each area and a ratio representing the absorbency of each area compared to average 
skin malathion absorbency (table 5.5). Values for people living in rural and urban 
areas were not calculated separately as it was thought geographic location is unlikely 
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to affect how these conditions are treated. Geographical location may affect how often 
individuals are treated as population density can affect parasite transmissions. 
Scabies, for example, has been found to be more prevalent in urban than in rural areas 
(Downs et al. 1999).  
 
The absorbed doses of malathion appear to pose little risk to the vulnerable groups as 
none of the calculated absorption values exceed the ADI. However, as the ADI was 
calculated without taking the increased sensitivity of the vulnerable groups to the 
effects of EDCs relative to the general population, it may not give an accurate 
indication of the risks these exposures pose. Child skin malathion absorbency data 
were unavailable, so children were assumed to have the same skin permeability to 
malathion as adults. It is therefore likely that the values calculated underestimate child 
exposure so the risks posed to them may be greater than indicated. There is also the 
assumption that during the treatment of pubic lice and scabies, the lotion will be 
applied evenly across the whole body and there will be no tendency for it to be 
preferentially applied to certain areas, such as the genitals in the case of pubic lice.  
 
Table 5.3 Estimated critical group daily exposures to malathion for urban and 
rural populations. 
 
 
Malathion Tier 1. ARfD= 0.02g/kg
Daily exposure, g/kg body weight.
Vulnerable Group Food Water Occupational Amenity Domestic
Pregnant woman (urban) 0 0 0 0 0
Pregnant woman (rural) 0 0 0 0 0
Child (3yrs old, urban) 0.01 0 0 0 0
Child (3yrs old, rural) 0.01 0 0 0 0
Pesticide applicator (rural) 0 0 0.01 0 0
Pesticide applicator (urban) 0 0 0 0 0
Cancer patient (urban) 0 0 0 0 0
Cancer patient (rural) 0 0 0 0 0
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Table 5.4. Estimated critical group daily exposures to malathion during the 
treatment of common ectoparasites 
 
 Daily exposure during treatment, g/kg body weight 
Vulnerable Group Head lice Scabies Pubic lice 
Pregnant woman 0.003 0.003 0.003 
Child (3yrs old) 0.006 0.007 0.007 
Pesticide applicator 0.002 0.002 0.002 
Cancer Patient 0.002 0.002 0.002 
 
Table 5.5. Body surface area by relative absorption, adapted from (Brown 1984) 
 
Anatomic location Surface area Relative 
absorption 
Head 7% 3.7 
Neck 2% 2.0 (est) 
Anterior trunk 13% 1.4 
Posterior trunk 13% 1.4 (est) 
Buttocks 5% 1.0 (est) 
Genitalia 1% 11.8 
Both Upper Arm 8% 1.0 (est) 
Both Lower Arm 6% 1.0 
Both Hands 5% 1.0 
Both Thighs 19% 1.0 (est) 
Both Lower Legs 14% 1.0 (est) 
Both Feet 7% 1.0 
 
 
6.6.2 Tier 2 and Beyond 
 
Malathion was eliminated as none of the estimated exposures exceeded the 
designated ADI, although exposure via medicinal use still requires further 
assessment. 2,4D exposure via food, amenity and domestic use and urban applicator 
occupational exposure were identified as requiring further assessment. Unfortunately, 
EUSUS was the only model suitable for tier 2 modelling that could be obtained at no 
charge. Detailed probabilistic individual pesticide exposure estimates suitable for tier 
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2 pesticide exposure screening are very data intensive, and modelling consumer 
exposure to chemicals in products such as pesticides requires the CONSEXPO model. 
The information required includes degradation and transformation rates in different 
media, bioconcentration factors, release estimates, use patterns and other data, some 
of which was not available for the chemicals being assessed or could only be derived 
from very limited datasets. Although CONSEXPO is integrated into the model and is 
required for modelling the exposure routes included in the pesticide screening 
framework, it must be acquired separately. This was the main factor that prevented its 
use in this study. Acquiring CONSEXPO is costly and was beyond the resources 
available for this project. The same was true for the full version of EASE, REx, 
SHEDS and EuroPOEM, so tier 2 exposure estimates could not be made and no risk 
assessment could be made in this case. 
 
5.7 Summary of Findings 
 
The cost, data requirements and reliance of some of the models on datasets from 
outside the UK limited the scope of this study. Large amounts of data and expertise 
are required to build and validate these models, and they have a relatively small 
market, so they are expensive to buy and have no open source equivalents. Models 
created outside the UK need modification due to cultural, climatic and geographical 
differences between countries. REx, for example, is an American model using 
scenarios based on the US EPA’s Residential Standard Operation Procedures (SOPs) 
for residential exposure assessments. Modifying models such as these for use in the 
UK could involve extensive data collection, as some of the data may have no UK 
equivalents (McKinlay et al. 2008b). Hazard and residue data may also have to be 
collected for newly identified hazardous compounds. Although the models used in 
this framework are established, well validated models, combining them could reduce 
accuracy overall. This could increase the need for further exposure studies and 
compound misclassification. The models have been created using datasets collected 
from different populations using a variety of methods, which adds a further source of 
error. Certain pathways, such as medicinal use and spraydrift from agricultural and 
municipal pesticide applications cannot be modelled currently. 
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ADIs for Pesticides following non-monotonic dose-response curves have not been 
determined (Vom Saal et al. 1995. ; Ralph et al. 2003; Andrade et al. 2006) and 
current ADIs have been set without taking the increased suceptibilities.of vulnerable 
groups into account. Ideally, toxicological testing used in the pesticide approval 
process should include dose response testing encompassing the concentrations of 
these compounds likely to be found in the environment, and should take into account 
the fact that organisms have stages in their lifecycles that are more susceptible to the 
effects of EDCs than the adult organism. ED pesticides that act synergistically with 
other pesticides or compounds present in the environment also need to be assessed as 
part of the approval process or otherwise included in the exposure modelling.  
 
Given the effects of EDC exposure observed in exposed human, animal and 
invertebrate populations, there is an urgent need for the risks posed by these 
compounds to be assessed and for mitigation measures to be put in place. ED 
pesticides represent an important subset of EDC, and they can reach humans via 
many exposure routes. Assessing them individually on a reactive basis when they are 
suspected of causing harm does not provide adequate protection, so a tiered risk 
assessment process such as that described here would be of value. By focusing on 
vulnerable sectors of the population, greater protection could be afforded both to 
them and the population in general.  
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6. MEDICINAL, VETERINARY AND DOMESTIC ED AND 
NON-ED PESTICIDE USE BY DIFFERENT SOCIO-
DEMOGRAPHIC GROUPS IN LONDON. 
 
6.1 Introduction 
 
Since almost 90% of people in the UK live in urban or periurban areas (Denham 
1998), the risks posed by exposure pesticides used outside agriculture should be 
considered in assessing and managing risks posed by pesticide exposure. As has been 
previously discussed, the domestic use of pesticides is a potentially important source 
of exposure which can easily reach vulnerable individuals. Domestic pesticide use in 
the UK and the demographic factors driving it are thus far poorly studied. This 
chapter presents the results of a study designed and conducted together with Michael 
Dangerfield, an MSc student studying at the Imperial College Centre for 
Environmental Policy. It examines how socio-economic and demographic factors 
affect the use of ED and non ED pesticides used for medicinal, veterinary and 
domestic purposes by a UK urban population. As children are a particularly 
vulnerable group this study was originally intended to survey the domestic pesticide 
use habits of the families of school age children in the Greater London area. 
Unfortunately the initial plan to distribute the questionnaire via primary schools was 
not feasible due to the timing of the study, which was distributed near the end of term, 
when both pupils and teachers faced an increased workload, and problems with school 
internet security making access to the questionnaire difficult. The survey was 
therefore sent to the staff of several businesses and institutions via their internal 
computer networks to increase the number of respondents.  
 
6.2 Methodology 
 
6.2.1 Survey Design 
 
A cross sectional survey design was chosen in favour of a longitudinal approach 
because of the time constraint of five months to complete the work. The survey 
(Appendix 1) comprised 29 questions in 4 sections and requested information on 
social background and the use of pesticides to treat or control pests, weeds or fungi 
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domestically, as well as medicinal or veterinary treatments to combat parasitic or 
fungal infections. Based on a previous study (Kynetec 2003), the questionnaire was 
drafted by Mike Dangerfield and then finished as a joint effort. Care was taken to 
ensure the information requested was as short as possible. It was anonymous and the 
entire questionnaire was presented on one continuous web page to encourage 
respondents to complete it. Tick boxes and radio buttons offering multiple selection 
and multiple choice answers and drop down menus were used wherever possible to 
facilitate input, minimise error and speed data analysis.  
 
The survey layout was designed using the Wufoo in house HTML editor. A hyperlink 
to the survey, along with a covering letter explaining the project, was sent to 
institutions and organisations for circulation among their staff. Primary schools across 
Central London were targeted, initially by telephone calls to the head teacher. In 
addition, a flyer was designed for distribution to the Information Technology (IT) and 
marketing departments of eight large private organisations and academic institutions 
as well as two large local authorities and eleven hospitals. The original Uniform 
Resource Locator (URL) of the survey was shortened using a third party web 
redirection service (www.tinyurl.com) to make it quicker to type and increase ease of 
access to the survey 
 
6.2.2 Survey Distribution 
 
Pesticide use and socio-economic data were collected via a link to a questionnaire 
hosted online by the form hosting website Wufoo. This was distributed by email to 
several primary schools, private organisations, government bodies, trusts, societies 
and academic institutions in the Greater London area, which has a highly culturally 
and socio-economically diverse population.  
 
6.2.3 Data Analysis 
 
Pesticide brand, product and active ingredients were recorded for each pesticide 
application reported. Entries where these data were not specified by the respondent 
were investigated to see if it was possible to identify the active ingredient(s) used. 
Unspecified anti-parasitic and anti-fungal drugs listed as prescription could be 
identified by referring to standard treatment plans listed by the National Health 
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Service (NHS 2009b). If the identity of the pest, weed or disease being treated, place 
of purchase, and/or compound class (i.e. pyrethroid, organophosphate) or product type 
(spray, powder etc) was known, the active ingredients could sometimes be determined 
by looking up the compounds sold for the purpose specified by the respondents on the 
websites of different retailers. If the active ingredient could not be determined, it was 
listed as unknown. To determine the ED status of active ingredients, the Pesticide 
Action Networks List (PAN 2009), and a previous review of the literature (McKinlay 
et al. 2008a) were consulted. Searches were also conducted on the Metalib library 
portal, a resource allowing access to most extant scientific journals. The PAN list is 
based on the lists of ED pesticides and likely ED pesticides drawn up by the 
Environmental Agency of England and Wales, the German Environmental Agency, 
the EU Strategy for Endocrine Disruptors, and the Oslo Paris Convention for the 
Protection of the marine Environment of the North-East Atlantic (OSPAR) 
Commission and the WWF. 
 
Correlations between pesticide use and age, income and education were investigated 
using the rank correlation coefficient, a non parametric statistical test. It is a special 
case of the product- moment correlation coefficient (Figure 6.1) in which the two sets 
of data (x and y) are first ranked. If no rankings are tied, the coefficient is determined 
using the equation shown in figure 6.2. If the rankings are tied then the standard 
equation shown in figure 6.1 is used. For any two sets of paired variables this yields a 
correlation coefficient, r, with a value between -1 and 1. Values close to -1 or 1 
indicate the variables are strongly negatively or positively correlated respectively, 
while values close to 0 indicate a lack of correlation (Sokal and Rholf 1995).  
 
 
 
Figure 6.1. Calculation of the product-moment correlation coefficient (r) of two 
sets of variables (x, y), where n equals the number of data points. 
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Figure 6.2. Calculating the product- moment correlation coefficient (r) for two 
sets of variables where d equals the difference between the ranks of each 
observation on the two variables and n equals the number of observations. 
 
6.3 Results 
 
6.3.1 Respondent Demographics 
 
Respondent age range (Figure 6.3) shows a roughly normal distribution centred on the 35-
44 age category. Women dominated the responses, with 106 women replying compared to 
51 men.  
 
 
Figure 6.3 Distribution of the ages of respondents to the domestic and medicinal 
pesticide use questionnaire 
 
Individual respondent incomes also followed a roughly normal distribution (Figure 6.4), 
with most respondents earning between £20 000 and £150 000. The extreme lower end of 
the distribution (<10k) was represented by 21 respondents. 
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Figure 6.4 Distribution of the individual incomes of respondents to the domestic 
and medicinal pesticide use questionnaire 
 
Most respondents finished their secondary education after 7 years (Advanced levels). Few 
went on to do Advanced Subsidiary level (8 years), with the majority who went beyond 7 
years of secondary education going on to study for >8 years (Figure 6.5). 
 
 
Figure 6.5 Distribution of the number of years spent in secondary education by 
respondents to the domestic and medicinal pesticide use questionnaire 
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Most respondents lived either in an apartment, semi-detached or terraced house. 
Apartment flats were the most common form of accommodation. Penthouse 
apartments were the least common form of accommodation, and bungalows and 
studio flats were also uncommon. Maisonettes were defined as flats with two levels. 
Surprisingly for such an urban area, 4 respondents categorised their homes as cottages 
(Figure 6.6). 35% of respondents had children. 
 
 
 
Figure 6.6. Proportions of respondents to the domestic and medicinal pesticide 
use questionnaire occupying each accommodation type 
 
 
 
6.3.2 Identification of Endocrine Disrupting Pesticides 
 
The active ingredients of the pesticide brands listed by the respondents, their uses and 
status as EDC (McKinlay et al. 2008a; PAN 2009) were identified. The active 
ingredients identified as EDCs or suspected EDCs, and known or suspected ED 
properties are listed in Table 6.2.   
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Table 6.1. Active Ingredients Identified as Definite, Probable or Possible EDCs That Were Used By Respondents and their known 
endocrine disrupting properties. 
 
Active 
Ingredient 
Use ED properties References 
Malathion Agricultural, horticultural and clinical 
insecticide 
Inhibits catecholamine secretion, binds to thyroid hormone receptors. Inhibits the fertilisation 
and development of oocytes. Acetylcholinesterase inhibitor, neurotoxin. 
 
 (Cocco 2002; 
Ishihara 2003) 
(Ragnarsdottir 
2000; Ducolomb et 
al. 2009) 
Permethrin Widely used insecticide, acaricide and 
insect repellent 
Inhibits the proliferation of oestrogen sensitive cells. Metabolites also have oestrogenic effects. 
Increases follicle stimulating hormone and lutenising hormone whilst decreasing testosterone in 
men. 
 
 (Kim 2004; 
McCarthy 2006; 
Meeker et al. 2009) 
Diazinon Non-systemic organophosphate 
pesticide 
Toxic to humans, acute poisoning results in headaches, excessive salivation, sweating, 
vomiting, diarrhoea and slurred speech. Mimics the action of oestrogen. 
 
 (EPA 2006; 
Manabea et al. 
2006) 
Dichlorvos Highly volatile organophosphate 
insecticide. Used as a fumigant and in 
mite control dog collars. 
 
Acetylcholinesterase inhibitor classified by US EPA as a probable carcinogen, and a weak 
androgen receptor antagonist. 
 (Andersen 2002; 
EPA 2008) 
Bifenthrin Synthetic pyrethroid insecticide. Interferes with female sex hormones causing a reduction in ovarian weight and lack of oestrus. 
Decreases blood levels of thyroid hormones.  
 
(Connett 2006) 
Tetramethrin Broad spectrum synthetic pyrethroid 
insecticide. 
 
Low toxicity to humans but antagonises the actions of oestrogen. (Kim 2005b) 
Deltamethrin Synthetic pyrethroid insecticide Weakly oestrogenic. Demasculinises the reproductive tract of rats, reduces sperm count. 
 
 (Andersen 2002; 
Kilian et al. 2007) 
Cypermethrin Synthetic pyrethroid insecticide Low general toxicity to humans but acts as oestrogen mimic. Metabolites also oestrogenic. 
 
  (Chen 2002; 
McCarthy 2006) 
Tea tree oil Therapeutic essential oil widely used to 
treat bacterial and fungal skin 
conditions and respiratory complaints. 
Evidence very weak. Three cases of gynecomastia were noted in prepubertal boys exposed to 
hygiene products containing tea tree and lavender essential oils, cases resolved when use of 
these products ceased. Subsequently tea tree oil shown to induce oestrogenic activity in human 
oestrogen receptor expressing breast cancer cells and antiandrogenic activity in androgen 
   (Henley et al. 
2007; Nielsen 
2008) 
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receptor positive human breast cancer cells. Further work showed the oestrogenic components  
may not be bioavailable.  
 
Lavender oil Therapeutic essential oil used to treat 
anxiety, insomnia, skin disorders and 
fungal infections. 
 
As with tea tree oil, lavender oil implicated as oestrogenic and antiandrogenic in vitro and 
possibly in vivo.  
(Henley et al. 
2007) 
Fipronil Phenyl pyrazole slow acting broad 
spectrum insecticide suitable for use in 
baits or use as a long lasting flea 
treatment applied to pets. 
 
Induces hepatic metabolism and excretion of thyroid hormones causing blood plasma thyroxine 
levels to fall by increasing hepatic enzyme activity. 
(Cocco 2002; 
Leghait et al. 2009) 
Trifluralin Selective dinitroanaline herbicide used 
to control broad leaved weeds and 
annual grasses. 
Interacts with the pregnane X cellular receptor, interfering with the manufacture of enzymes 
responsible for steroid hormone metabolism. In ewes it has been shown to increase cortisol, 
insulin and oestradiol levels whilst reducing the mean serum concentrations of lutenising 
hormone. Lowers blood serum testosterone, follicle stimulating hormone and lutenising 
hormone significantly in male rats exposed to high doses. 
 
 (Rawlings 1998; 
Eriko 2003; Askari 
et al. 2008) 
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6.3.3 EDC vs. non EDC use. 
 
The identification of ED and non ED compounds was more complete for medical 
pesticides than for veterinary or domestic pesticides (Figure 6.7). Respondents were 
better able to identify the brands they used and as doctors follow standard treatment 
plans for common parasitic and fungal ailments (Dawes et al. 1999), the active 
ingredients they prescribed could be identified in most cases. Medicinal pesticide use 
accounted for the largest proportion of ED pesticides identified, although non ED 
pesticides outnumbered ED pesticides in this category. Veterinary pesticide use 
accounted for the least amount of ED pesticide use; although so few of the active 
ingredients used could be identified this category might not actually be representative 
of the compounds in use. Less ED than non ED pesticides were also identified 
amongst those used domestically. The proportion of ED pesticides identified was 
similar for medicinal and domestic use and only slightly less for veterinary use.  
 
 
 
Figure 6.7. Percentages of ED, non ED and unknown pesticide used for 
medicinal, veterinary and domestic Purposes by respondents to the domestic and 
medicinal pesticide use questionnaire 
 
6.3.4 ED Pesticide Use and Key Socio-Demographic Factors. 
 
6.3.4.1 Age 
 
Most respondents reporting medical pesticide use were aged between 25 and 54 years 
and used predominantly non ED pesticides followed by ED and unknown pesticides 
(Figure 6.8.). Although there were some apparent correlations between age and 
pesticide use, none were statistically significant. Non ED pesticide use appeared to 
show a weak association with age, with a rank correlation coefficient of 0.21 than ED 
 116 
or unknown pesticide use which had rank correlations of 0.02 and 0.04, respectively. 
Fewer veterinary products were identified (Figure 6.9) as veterinarians do not follow 
standard protocols for the administration of anti-parasitic and anti-fungal drugs. 
Veterinary ED and non ED pesticide use showed greater associations with age (r = 0.2 
and 0.14), whilst unknown pesticide use shows almost no correlation (0.07). Both 
domestic ED and non ED pesticide use seems to be most prevalent between the ages 
of 25 and 44 (Figure 7.10.) and both show similar degrees of correlation (r = 0.12 and 
0.19). 
 
Figure 6.8. ED, non ED and unknown pesticide used for medicinal purposes by 
respondents to the domestic and medicinal pesticide use questionnaire by age 
category   
 
Figure 6.9. ED, non ED and unknown pesticide used for veterinary purposes by 
respondents to the domestic and medicinal pesticide use questionnaire by age 
category 
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Figure 6.10. ED, non ED and unknown pesticide used for domestic purposes by 
respondents to the domestic and medicinal pesticide use questionnaire by age 
category 
 
6.3.4.2 Gender 
 
Medicinal and veterinary pesticide brands and ingredients were determined more 
accurately for women than for men. Medicinal non ED pesticide use is higher for 
women while men used a higher proportion of ED pesticides (Figure 6.11). Less non 
ED veterinary pesticide use was reported by male respondents although the proportion 
of ED pesticides used was similar for both sexes (Figure 6.12). Slightly more 
domestic pesticides could be identified from the data given by the female respondents 
than males (Figure 6.13). The proportions of ED, non ED and unknown pesticides 
used by both men and women were similar when this was taken into account.   
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Figure 6.11. Proportions of medicinal ED, non ED and unknown pesticide used 
by respondents to the domestic and medicinal pesticide use questionnaire, 
arranged by gender. 
 
 
 
Figure 6.12 Proportions of Veterinary ED, non ED and unknown pesticide used 
by respondents to the domestic and medicinal pesticide use questionnaire, 
arranged by gender. 
 
 
Figure 6.13. Domestic ED, non ED and unknown pesticide used by respondents 
to the domestic and medicinal pesticide use questionnaire, arranged by Gender. 
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6.3.4.3 Income 
 
People in higher income categories (30-200k) tended to recall their medicinal and 
domestic pesticide use (figures 6.14 and 6.16) more accurately than those in lower 
categories, making trends in ED and non ED use easier to identify. Non ED medicinal 
pesticide use appears steady amongst those earning between 30k and150k. There is a 
sudden peak in the 150-175k category but this is taken from a sample of 6 
respondents (figure 6.14). Again, some apparent associations but no statistically 
significant correlations were found. Little association was found between income and 
non Ed medicinal pesticide use (r = -0.1, p = >0.1), but this increases when the 
correlation coefficient is calculated for respondents earning 30-200k (r = -0.34, p = 
>0.1), indicating that non ED pesticide use may decrease as incomes rise. Medicinal 
ED pesticide use was less prevalent and showed an overall negative association with 
income (r = -0.34, p = >0.1), but this reduced to -0.1 (p = >0.1) when calculated only 
for respondents earning 30-200k. There was little overall association (r = -0.07, p = 
>0.1) between unknown pesticide use and income but amongst respondents earning 
30-200k there was a positive correlation coefficient of 0.29 (p = >0.1). Trends in 
Veterinary ED and non ED pesticide use are difficult to identify, but ED pesticide use 
appears to be at least as prevalent as non ED pesticide use amongst respondents 
earning 50-175k (figure 6.15), although overall both ED and non ED pesticide use 
show negative associations with income (r = -0.38, p = >0.1 and -0.27, p = >0.1 
respectively). Unknown veterinary pesticide use showed very little association with 
income (r = 0.04, p = >0.1). Both ED and non ED domestic pesticide use increase 
with income amongst respondents earning between 50k and 150k, with ED pesticide 
use outstripping non ED pesticide (figure 6.16). There was no association between 
overall ED pesticide use and income (-0.004, p = >0.1). Amongst respondents earning 
between 20 and 150k, however, both ED and non ED pesticide use appeared to be 
positively associated with income (r = 0.29, p = >0.1 and 0.22, p = >0.1 respectively), 
while unknown pesticide use showed a slightly larger negative association (r = -0.34, 
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p= >0.1) 
  
Figure 6.14. Percentage of respondents to the medicinal and domestic pesticide 
use questionnaire using medicinal ED, non ED and unknown pesticides arranged 
by income category. 
 
Figure 6.15. Percentage of respondents to the medicinal and domestic pesticide 
use questionnaire using veterinary ED, non ED and unknown pesticides 
arranged by income category. 
 121 
 
 
Figure 6.16. Percentage of respondents to the medicinal and domestic pesticide 
use questionnaire using domestic ED, non ED and unknown pesticides arranged 
by income category. 
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6.3.4.4 Education 
 
More unknown pesticides are used medicinally than ED and non ED substances. Non 
ED pesticide use followed a similar trend to unknown pesticide use, increasing 
steadily between 5 and 8 years of secondary education before declining amongst those 
with 8+ years (Figure 6.17). ED pesticide use peaked amongst those with 6 years 
secondary education, declining steadily thereafter. Statistically significant correlations 
were observed between ED, non ED and unknown medicinal pesticide use and the 
number of years spent in secondary education overall, but these associations change 
when correlations are calculated only for respondents with five or more years of 
secondary education. Overall, there are relatively strong associations between ED and 
non ED pesticide use and education, with correlation coefficients of 0.55 (p= <0.1) 
and 0.58 (p= <0.05, p = >0.1) respectively, and an even stronger association for 
unknown pesticide use (r = 0.71, p= <0.01). Amongst respondents with five or more 
years secondary education the association between ED pesticide use and education 
disappears (r = -0.004, p = >0.1), the non ED pesticide use association reduces, with a 
correlation coefficient of 0.30 (p = >0.1). The strong association seen between 
unknown pesticide use and education also reduces dramatically (r = 0.10, p = >0.1). 
There are different associations for veterinary pesticide use, although data are scarce 
and ED pesticide use data are available only from respondents with 7, 8 or 8+ years of 
secondary education. Use appears to increase with the number of years of secondary 
education. Few data are available for non ED use and all were provided by 
respondents with 5 or more years of education (Figure 6.18). Overall ED pesticide use 
showed a small statistically insignificant correlation with the number of years spent in 
secondary education (r = 0.13, p = >0.1). Amongst respondents with 5+ years of 
education a larger statistically significant correlation was seen with education (r = 
0.55, p= <0.1). Similarly, non ED pesticide use showed little association with 
education overall (r = 0.08, p = >0.1) but increased among respondents with 5+ years 
of secondary education (r = 0.20, p = >0.1). The opposite was true for unknown 
pesticide use which shows a strong statistically significant correlation overall (r = 
0.77, p = <0.01) but not amongst those with 5+ years of secondary education (r = 0.2, 
p = >0.1). ED and non ED domestic pesticide use data were available only from 
respondents with 5 or more years and the percentages for these categories and 
unknown pesticides did not appear to vary much with increasing time spent in 
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education (Figure 6.19). Domestic ED pesticide use show a greater correlation with 
the number of years respondents spent in secondary education than non ED pesticides 
overall (r = 0.59, p= <0.05) opposed to r = 0.38, p = >0.1), but this difference 
disappeared amongst respondents with 5+ years secondary education (r = 0.35, p = 
>0.1 in both cases). The correlation between unknown domestic pesticide use and 
education increased, from 0.01 to 0.25 when calculated only for respondents with 5+ 
years of education. 
 
Figure 6.17. Percentage of respondents to the medicinal and domestic pesticide 
use questionnaire arranged by  the number of years they spent in secondary 
education. 
 
 
 
Figure 6.18. Percentage of respondents to the medicinal and domestic pesticide 
use questionnaire arranged by the number of years they spent in secondary 
education. 
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Figure 6.19. Percentage of Respondents to the medicinal and domestic pesticide 
use questionnaire arranged by the number of years they spent in secondary 
education. 
 
 
7.3.4.5 Accommodation  
 
Respondents living in the more common accommodation types (10+ respondents in 
each type) show similar patterns of medicinal pesticide use. More than twice the 
percentage of respondents report the medicinal use of ED pesticides than of Non ED 
ones (Figure 6.20). Maisonette flats are the exception, although this could reflect the 
small sample size in this case. Overall veterinary pesticide use was low in all 
categories although ED pesticide use outstripped non ED pesticide use amongst 
respondents living in maisonettes, semi detached houses and apartment flats (Figure 
6.21). The percentage of respondents reporting domestic ED pesticide use was high 
compared to Non ED pesticide use in most of the more popular accommodation 
categories (Figure 6.22). Detached houses, semi detached houses and maisonettes 
showed the largest percentages of pesticide use overall.  
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Figure 6.20. Medicinal ED, non ED and unknown pesticide use by respondents to 
the medicinal and domestic pesticide use questionnaire arranged by 
accommodation type 
 
 
Figure 6.21. Veterinary ED, non ED and unknown pesticide use by respondents 
to the medicinal and domestic pesticide use questionnaire arranged by 
accommodation type 
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Figure 6.22. Domestic ED, non ED and unknown pesticide use by respondents to 
the medicinal and domestic pesticide use questionnaire arranged by 
accommodation type 
 
 
6.3.4.6 Children 
 
Respondents with children used reported the use of a greater number of ED pesticides 
for medical purposes but identified fewer products than those without children (Figure 
6.23). Both groups reported using approximately the same proportions of non ED 
pesticides. Respondents with children identified more veterinary products than those 
without (Figure 6.24). The use of similar proportions of ED pesticides was reported 
by the two categories when unknown pesticides were taken into account. More 
domestic pesticide active ingredients used domestically were identified by 
respondents with children than those without, and similar proportions were EDs and 
non EDs (Figure 6.25). More domestic pesticides were identified by respondents with 
children than those without. Non ED and ED pesticide use was reported more 
frequently by respondents with children. 
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Figure 6.23. Proportions of medicinal, ED, non ED and unknown pesticide use 
amongst respondents to the medical and domestic pesticide use questionnaire 
who had and did not have children 
 
 
 
 
 
Figure 6.24. Proportions of veterinary, ED, non ED and unknown pesticide use 
amongst respondents to the medical and domestic pesticide use questionnaire 
who had and did not have children 
 
Figure 6.25. Proportions of domestic ED, non ED and unknown pesticide use 
amongst respondents to the medical and domestic pesticide use questionnaire 
who had and did not have  children 
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6.4 Summary of Findings 
 
6.4.1 Experimental Design  
 
The most challenging aspect of this study was obtaining data from members of the 
public. Because of concern about the safety of children using the internet, school 
internet access is restricted. Material must be hosted on a site deemed safe, or special 
permission must be granted to allow access. In this case the decision to host the 
survey on www.wufoo.com and not www.imperial.ac.uk may have decreased the 
number of school responses. Imperial College’s website can be freely accessed from 
schools whilst Wufoo’s cannot. Approaching the schools towards the end of term may 
have reduced response numbers as both staff and pupils are subject to increased 
workloads. An attempt to increase public interest by distributing flyers was labour 
intensive and generated little response. One organisation distributed it to its staff 
although its impact on the response rate was poor. Approaching marketing and IT 
personnel, explaining the aims of the project and asking for their assistance was the 
most successful strategy. In one instance, the central administrative body of a 
healthcare trust forwarded its webmaster’s contact details. They subsequently 
included the project details and questionnaire URL on the front page of an internal 
newsletter forwarded to all the staff in five hospitals, leading to an increase in 
respondent number. Although successful in gathering responses, the approach could 
have introduced a bias towards working professionals, excluding unemployed people, 
students, the elderly and others. 
 
Another limitation of this study is that only the active ingredients were taken into 
account when determining pesticide ED properties. Adjuvants are frequently added to 
commercial pesticide formulations to increase their effectiveness. Some of these 
compounds are EDCs, and some can add considerably to overall toxicity. 
Nonylphenol ethoxylate, for example, was used as a surfactant in some pesticides 
until it was banned in 2005. It is an EDC and a toxin that can act synergistically with 
other ingredients in a formulation to give greater adverse effects than would be 
expected from the compounds present individually (Seo et al. 2006; Teneyck and 
Markee 2007). Determining which adjuvants are present in a formulation is difficult 
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as there are no legal requirements for manufacturers to provide this information to the 
public.  
 
6.4.2 Data Collection  
 
Respondent income distribution was expected to be skewed towards respondents in 
higher income groups due to the survey being conducted in central London and being 
biased towards working professionals. Why this was not the case (Figure 6.4) is 
unclear. Why the gender ratio was skewed towards female respondents was also not 
apparent. Previously maternal factors have been shown to have a greater effect on 
home and garden pesticide use than paternal factors (Steer 2005). It could also be the 
case that the women surveyed are doing a larger share of domestic chores and 
childrearing activities, and have subsequently acquired greater knowledge of and/or 
concern about pesticides. This could also be attributable to skewed gender ratios in 
the workplaces surveyed, or a greater desire on the part of females to respond to 
surveys. The legal school leaving age in the UK was raised to 15 in 1944 and to 16 in 
1972. Respondents with <4 years of secondary education must either have left school 
illegally, emigrated from countries with lower school leaving ages or be elderly. The 
relatively small proportion of respondents with children may be due to the distribution 
bias towards younger professionals (age 25-35) and delayed reproduction (NOS 
2000), or it may have been the case that respondents with children were less inclined 
to answer due to time pressures. 
 
6.4.3 Endocrine Disrupting Pesticides  
 
Most of the ED pesticides identified were insecticides, mainly pyrethroids and 
organophosphates. They included one highly toxic and volatile pesticide, Dichlorvos, 
which was used in dog collars. ED pesticide use was widespread, encompassing 
medical, veterinary and domestic purposes. These routes of exposure can reach 
vulnerable individuals such as children and infants (McKinlay et al. 2008b). 
Organophosphate pesticides, including Malathion, are insecticides which act as 
acetylcholinesterase inhibitors. Chronic low level exposure to these compounds is 
thought to cause developmental toxicity, and neurotoxicity (Costa 2006). Individuals 
carrying certain variants of genes involved in the metabolism of organophosphates are 
more vulnerable to their effects (Sirivarasai et al. 2007; López-Flores et al. 2009). 
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Chlorpyrifos inhibits axonal outgrowth whilst increasing dendritic growth in 
embryonic rat sympathetic neurons in vitro (Howard et al. 2005). Prenatal exposure to 
chlorpyrifos has been shown to affect adversely the development of locomotor 
activity, coordination and social behaviour in rats and mice (Dam et al. 2000; Ricceri 
et al. 2003). 
 
Similarly, pyrethroids have been shown to be especially neurotoxic. Doses of 0.13 
mg/kg/day administered to adult rats for 30 days result in neuron death in the 
hippocampus, motor cortex and cerebellar cortex (Abdel-Rahman et al. 2004). The 
opening of axon sodium channels is irreversibly prolonged (Narahashi 1987), which 
slows channel activation and inactivation leading to a stable hyperactive state (Ray 
and Fry 2006). Because of the large numbers of sodium channels expressed in most 
excitable cells, only around 1% of the sodium channels need to be modified by a 
pyrethroid before the extra current generated renders the cell hyperexcitable (Song 
and Narahashi 1996; Motomura and Narahashi 2001). The subtype of sodium channel 
affected and the amplitudes and durations of the currents generated depend on the 
structure of the pyrethroid, with each producing a characteristic current duration 
which is almost independent of dose (Ray and Fry 2006). Pyrethroids also affect other 
ion channels including voltage sensitive and dependant chloride channels, especially 
the maxi chloride channels (Franciolini and Petris 1990).  
 
The end physiological result of cell signalling disruption by sub chronic pyrethroid 
exposure is hard to determine as the distribution and function of the different ion 
channels in the central nervous system have not yet been well characterised. The low 
doses required to alter permanently ion channel activity coupled with the ability of 
different compounds to affect cells differently are of concern. They indicate that 
physiological responses may be seen even at low levels such as those pyrethroid users 
are exposed to, and that synergistic effects between the different compounds are 
possible. Carcinogenesis is one of the processes that can be affected by the alteration 
of ion channel activity. Compounds increasing voltage gated sodium channel 
excitability enhance cancer metastasis by potentiating cell process extension, lateral 
motility, secretory activity, gene expression, glavanotaxis and transverse tissue 
invasion  (Mycielska and Djamgoz 2004; Fraser et al. 2005; Onganer and Djamgoz 
2005).  
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6.4.4 Demographic Factors 
 
The effect of age on ED and non ED pesticide use, if any, could not be determined 
conclusively. Older respondents appeared to use more medicinal and veterinary 
pesticides than younger ones, which could partly be accounted for by younger people 
living in small homes or shared accommodation and not having gardens or school age 
children. Younger people are also less likely to own ectoparasite prone companion 
animals such as dogs or cats. According to the Pet Food Manufacturer’s Association, 
dogs are the UKs most popular pet and dog ownership is highest amongst families and 
people between the ages 35-64 (PFMA 2008 ). Cats are the second most popular but 
similar cat ownership data could not be obtained. The stronger association between 
non ED than ED medicinal pesticide use and age may be due to differences in the 
conditions being treated but investigating connections between these conditions and 
pesticide use is outwith the scope of this paper.  
 
The greater inverse association seen between income and ED than non ED pesticide 
use, although not statistically significant, could indicate poorer standards of health 
and hygiene. However, most of the reported ED pesticides were prescription 
treatments for ectoparasites. It could therefore indicate poorer people rely more on 
prescription chemical treatments than on non chemical alternatives, which are more 
difficult to use. The differing trends between people earning 30 and 200k and other 
respondents could indicate differences in pesticide use patterns or be an artefact due to 
the relatively low number of respondents in the former categories. The small positive 
association amongst respondents earning between 30 and 200k between medicinal 
pesticide identification and income indicates there may be a relationship between 
income and pesticide identification, although there was no correlation overall. It is 
unclear why ED veterinary pesticide use shows a greater negative correlation with 
income than non ED use, although this could be an artefact given the size of the 
dataset. There may be a trend between higher incomes and greater use of both ED and 
non ED pesticides for domestic purposes amongst respondents earning 30-200k. 
However, a negative association stronger than either of these is seen between 
unknown pesticide use and income, so it is unclear whether the positive associations 
seen for ED and non ED pesticide use are real or the result of the ED properties of the 
active ingredients of pesticide products used by wealthier respondents being easier to 
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identify. The work of Steer et al (2005) supports the conclusion that wealthier 
individuals in the UK use more domestic pesticides as they live in larger properties 
and are more likely to own gardens whilst work conducted in the US has found poorer 
people use more insecticides to combat the effects of poor quality housing (Kass 
2004; Landrigan et al. 2007). Education appeared to have the greatest effect on 
pesticide use, but the correlations observed were difficult to interpret. So few 
respondents had <5 years of secondary education little could be inferred from their 
data. No linear correlation was apparent between ED medical pesticide use and 
education, although there is a possible peak in use among respondents with 6 years 
followed by a decrease, suggesting that more highly educated people may use less 
medicinal pesticides. The associations between education and medicinal non ED 
pesticide use and the small correlation between unknown pesticide use and education 
are more difficult to account for. It is also unclear what significance, if any, the 
correlations between education and veterinary and domestic ED and non ED pesticide 
use could have.  
 
Analysis of data on accommodation and pesticide use was limited by the use of 
qualitative categories rather than a quantitative scale. Asking respondents for the size 
of their home, cost of their mortgage or rent and/or whether they had a garden may 
have been a better way of quantifying accommodation quality, but respondents may 
have found the question more difficult. The relatively high numbers of respondents 
living in semi detached houses, detached houses and apartment flats who reported 
veterinary pesticide use could possibly be accounted for by the properties being more 
suitable for housing cats and dogs. Property ownership and the attitudes of landlords 
of rented accommodation to pets may also play a part in veterinary pesticide use 
trends. The similar overall trend observed for domestic pesticide use is in keeping 
with the findings of Steer et al (2005) that people in large properties with gardens tend 
to use more than those in smaller properties. The number of respondents with children 
who reported medicinal pesticide use was small, so the trends in ED and non ED 
pesticide use observed in this category may be biased. Nevertheless, people with 
children accounted for more than half of the reported veterinary pesticide use. This 
could be because they were more likely to own pets such as dogs and cats treat their 
pets more frequently or treat them prophylactically. The presence or absence of 
children has little if any impact on domestic pesticide use, however. 
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6.4.5 General Observations 
 
 
Since little work has been done to quantify medicinal, veterinary and domestic 
pesticide use in the UK, further research is needed if routes of human exposure are to 
be understood. The interpretation of the results of this study was limited by its sample 
size, design, and geographical location. Whilst 252 respondents was enough to allow 
some statistical exploration of emergent trends, a larger sample would be necessary to 
complete the task. This is particularly true for veterinary pesticide use, as only a 
minority of respondents owned pets requiring treatment. As Greater London is the 
capital city of the UK and the centre of one of its largest conurbations, studies based 
on sample populations drawn from this city may not be entirely representative of 
similar urban UK populations elsewhere. Living costs are higher, commuting 
distances can be very long compared with other cities, and the age and ethnic 
composition of communities differ due to high immigration rates and the presence of 
a large population of temporary residents from elsewhere.  
 
In the context of this study, respondents may have incomes higher than would be 
expected in relation to their accommodation types and other socio-economic 
indicators compared to residents in other areas. Veterinary pesticide use is likely to be 
affected, as fewer respondents will be able to afford accommodation suitable for dogs 
and free ranging cats, and domestic use is also likely to be reduced if fewer people are 
living in the larger property types that have previously been associated with elevated 
pesticide application rates. People from minority ethnic backgrounds may have 
different cultural attitudes towards pesticide use and the needs of temporary residents 
may differ from permanent residents in ways which impact pesticide use. Evaluating 
how these differing attitudes and needs impact domestic, veterinary and medicinal 
pesticide use was beyond the scope of this study but could be incorporated into future 
work.  
 
The population sample used in this study was biased towards professionals and their 
families due to the use of companies, hospitals and educational establishments to 
distribute the questionnaire. At least two important demographics, the unemployed 
and the elderly, have been largely excluded. The respondents also are likely to have 
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had higher than average incomes, so although the incomes recorded during this study 
were evenly distributed, they are higher than would have been obtained if the study 
had been conducted using a sample more representative of the population as a whole. 
The bias towards professionals explains why so many of the sample population 
reported seven or more years of secondary education. In the general population more 
respondents who finished their secondary education at 16 (5 years) would be 
expected. Overall this study is useful as a pilot study examining the effects of age, 
income, gender, accommodation and the presence or absence of children on whether 
or not people use ED or non ED pesticides for domestic or medicinal purposes. 
However, the sample size obtained was too small to examine how these factors 
affected veterinary pesticide use, and due to the bias created during the distribution of  
the questionnaire care must be taken when applying the results to other sections of the 
population.  
 
Ideally, further studies need to be undertaken to quantify domestic, veterinary and 
medicinal pesticide usage patterns and associated pesticide exposure. If this study was 
to be repeated, it could be improved by designing it to facilitate the use of more 
powerful and modern statistical methods that would allow correlations to be 
confirmed and quantified more easily, especially in smaller datasets, and would allow 
the effects multiple variables to be examined. Using a quantitative measure of 
accommodation status such as the dwelling size instead of a qualitative measure such 
as type would allow the influence of accommodation type to be examined statistically. 
The questionnaire distribution strategy could either be changed to ensure the 
population sample is more representative of the population as a whole, or targeted to a 
specific group, such as the families of school age children, as was originally intended. 
Pesticide exposure could not be calculated using the results of this study because at 
best only the identities and ED statuses of the pesticides used could be determined. To 
calculate pesticide exposure, pesticide application volumes would need to be recorded 
along with usage frequency and the sizes of the areas treated. 
 
Larger studies in the future could be conducted using larger study populations, face to 
face interviews and a longitudinal approach, as has been used in the Avon 
Longitudinal Study of Parents and Children. Although the cross sectional approach 
used here was useful as a pilot study exploring the effect of some socio-demographic 
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factors on pesticide use, no conclusions can be made regarding any trends over time 
or how the factors driving behaviours affect pesticide use. Cross sectional studies give 
an indication of what is happening within a population at the time of the study in 
contrast to a longitudinal approach which allows trends within the population to be 
monitored over time (Trochim 2006). Longitudinal studies are preferred for decision 
making as they allow time trends to be observed, and are also helpful for 
epidemiological research. 
 
A longer term longitudinal study would allow a greater understanding of trends in 
pesticide use and exposure to be made to help policy makers and regulators formulate 
measures to reduce any risks posed by these exposure routes. Data obtained from 
existing cohorts such as the participants of the Avon Longitudinal Study of Parents 
and Children could be used for such a study, and the inclusion of face to face 
interviews would allow the identification of sociological factors driving medicinal, 
veterinary and domestic pesticide use. Further work is required to examine how age 
and income affects domestic pesticide use as the results obtained in this and previous 
studies are ambiguous. Home visits would also allow for environmental sampling to 
detect pesticide residues, which could be used to give estimates of human exposure.  
 
Pesticide exposure from domestic, medicinal and veterinary use in the UK needs 
quantification if the risks posed to people living in non agricultural communities are 
to be understood and appropriate mitigation measures taken. The effects of the 
pesticides used for these purposes and their metabolites on cell growth and 
differentiation, both in healthy tissue and in disease states such as cancer should also 
be investigated, particularly the effects of the low levels commonly found in the 
environment. Compounds and the metabolites of compounds available on 
prescription, such as permethrin, malathion and carbaryl, and other compounds 
commonly used around the home should be singled out for special scrutiny as they 
have the greatest potential to reach vulnerable groups. 
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7. AN ASSESSMENT OF MUNICIPAL AND AMENITY 
URBAN ED PESTICIDE USE 
 
7.1 Introduction 
 
Pesticides are used extensively in the municipal and private maintenance of roads, 
paved areas, outdoor sports facilities, parks and other green spaces. Exposure to 
pesticides used for these purposes remains largely unstudied in the UK despite Local 
Authorities being the UKs largest non-agricultural pesticide users (Allen 1999), 
privately owned intensively managed turf, such as is found on golf courses are 
managed using pesticides known to be carcinogenic and genotoxic (Knopper 2004) 
and elevated rates of cancer mortality have been noted in people occupationally 
exposed to these compounds (Kross 1996). This chapter presents a study of the use of 
pesticides for private and municipal infrastructure maintenance in London which was 
designed and conducted together with Msc student Risa-Jane Wilkinson. 
Questionnaires were sent to all 33 London Local Authorities to try to determine the 
quantities of pesticides used to maintain pavements, roads, pathways, parks, gardens, 
sports facilities and other paved and green areas, why they were treated, the sizes of 
the areas treated, how often and at what time of year they were treated. From this the 
active ingredients of the formulations used were determined, as was whether these 
were known or suspected endocrine disrupting chemicals (EDCs). Questionnaires 
were also sent to 50 privately owned golf courses. From the results case studies were 
developed using conceptual models of the pesticide exposure of four hypothetical 
individuals representing sections of the human population vulnerable to exposure via 
these uses and the effects of the chemicals: an active woman in the early stages of 
pregnancy (foetuses); a toddler (young children); a golfer in his 50s and an old age 
pensioner (increased cancer risk). These were used to construct worst case exposure 
scenarios and the ConsExpo exposure model was used to calculate possible 
exposures. The likely effects of the pesticide uses studied on the pesticide exposure 
profiles of these individuals was discussed as were measures that could be undertaken 
to reduce these exposures and the further work required to quantify the risks posed 
and reduce pesticide use if this is found to be necessary. 
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7.2 Methodology 
 
7.2.1 Questionnaire design and distribution 
 
A questionnaire based on those used by the UK Department of the Environment for a 
previous study of non-agricultural pesticide use (Produce studies ltd. 1996) was sent 
to all 33 London Local Authorities and all the golf courses within the London area. 
Unsuccessful efforts were also made to contact a rail network institution in an attempt 
to ascertain track side pesticide use. The advantage of the questionnaire used in the 
previous study was that most of the information it collected used data sheets which 
have a similar format to the record sheets routinely filled out by people using 
pesticides, allowing the questionnaire to be completed easily. The data requested in 
the questionnaire for each pesticide used were as follows: Pesticide brand, pesticide 
active ingredient and its percentage in the formulation, pest or disease targeted, month 
applied, pesticide concentration, pesticide weight/volume used, area treated (m
2
) and 
total property area, surface types treated, method of application and any further 
comments the respondent thought relevant. 
 
Within individual Local Authorities, park and pavement maintenance, and therefore 
pesticide use, were the responsibility of different departments. Each of these 
departments was surveyed individually by phone. Once contact was established with 
the individual in charge of pesticide application records, full details of the project 
were provided and permission sought to use the data they provided. It was made clear 
at this point, and in subsequent emails, that all data obtained by this survey would be 
anonymised, and that the names of individuals and institutions would be given only 
with the express permission of said individuals and institutions and only if the names 
could be given without identifying other individuals and institutions for which 
consent had not been obtained. Locating the individual responsible for pesticide use in 
a given area was often challenging, and in some cases took a large number of phone 
calls over a period of several weeks. In all cases no further contact was made if the 
data request was refused. Taking a flexible approach to data collection helped to 
increase the response rate. Copies of the questionnaire were provided via email or 
post to respondents who preferred not to answer over the phone. In one case a Local 
Authority allowed a year worth of pesticide application data to be photocopied on its 
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premises whilst another Local Authority and a golf course sent photocopies of its 
previous years data themselves. 
 
7.2.2 Data Standardisation 
 
The original data sheet was used as a template for a spreadsheet and the data compiled 
from various sources were standardised accordingly. From this comparisons could be 
made within and between sectors using quantitative analysis. Where the active 
ingredients within pesticide formulations and the relative weights used within the 
individual formulations (g/L) were not provided by the respondents, these data could 
be determined using the pesticide brand name and product information posted on the 
website of its manufacturer. Where product information was unavailable distributors 
were contacted directly by telephone or email. The weight of the active ingredient 
within a given amount of a formulation was calculated using the following equation: 
 
gact= Vact x AI 
 
Where gact is the weight (in grams) of the active ingredient, Vact is the volume of 
pesticide used in litres, and AI is the amount of the active ingredient present in a litre 
of the pesticide formulation. Once these values were determined, respondents were 
contacted again if necessary to fill any remaining gaps. The additional information 
was provided in nearly all cases. 
 
8.2.3 Quantitative Analysis 
 
Mean and total values were calculated for the percentages of applications made in 
each month and season, the number of applications made, the amount of active 
ingredients used per application (in grams) and per area or distance. Application data 
were calculated for different surface types where possible. There results were 
presented in a graphical format. Park and golf course use was quantified to allow 
estimates of human exposure to be made. Secondary data provided by the GreenSTAT 
and Active People were used for this purpose as time and resource constraints ruled 
out the possibility of conducting an independent study of the use of these facilities. 
GreenSTAT is an ongoing online questionnaire used by the charity GreenSpace to 
allow members of the public to provide feedback to Local Authorities in the UK 
regarding park use, maintenance and development (GreenSTAT. 2007). Its data are 
the product of approximately 20 000 responses annually. Active People is a 
 139 
questionnaire used by Sport England, a government agency dedicated to supporting 
and promoting sporting activities within English communities. It is the largest 
European survey of sport and recreation, gathering data by telephone from around 360 
000 respondents annually (Sport England 2007).  
 
7.2.4 Qualitative Analysis 
 
The small sizes of the available samples and the large standard errors associated with 
some of the results precluded a great deal of extrapolation. To avoid extrapolating 
beyond the limits of the available datasets, scenarios based on the concept of critical 
groups were used to assess the exposure of individuals via different exposure 
pathways. As some ED pesticides show greater activity at low doses than at high 
ones, dose alone cannot be used to define critical groups affected by ED pesticides. 
Instead, vulnerability to the effects of ED pesticides has been used in addition to the 
likelihood of exposure to define the critical groups used in this study. During cell 
division there is the possibility of interference in the cellular signalling regulation of 
this process. For this reason foetuses and young children (<3 years) are especially 
vulnerable, and have been included as critical groups, as were cancer patients and ex 
patients. The fourth group is pesticide applicators because they have the greatest 
potential for exposure to ED pesticides and can take home pesticide residues on their 
clothing and vehicles which can then be a source of exposure to their families. 
 
7.2.5 Pesticide Exposure Calculations 
 
The ConsExpo model is capable of calculating individual human pesticide exposure 
from inhalation, dermal and oral exposure to non food pesticide containing consumer 
products. Some of the data required to use the model to make basic exposure 
estimates are included, others must be added by the user. The data required include 
some of the basic physiochemical properties of the compound being assessed 
(molecular weight, octanol water partition coefficent and vapour pressure), 
application temperature and the body weight of the individual whose exposure is 
being modelled. In order to model inhalation, the individuals activity levels, whether 
they are exposed to vapour or spray, the volume of the treated area. It can handle three 
levels of complexity regarding the mode of the chemicals' release into the 
environment. The most basic setting, which is recommended for first tier assessments, 
 140 
assumes that the entire dose is released into the area at once giving an even 
atmospheric distribution. It can also model evaporation by either modelling the 
release of a compound at a constant rate over a set period of time or modelling the 
evaporation itself if the vapour pressure and mass transfer rate of the compound can 
be determined at the temperature it is being applied at. For the purpose of this study 
the compound was assumed to be released pure at a constant rate into an area equal to 
the application area times a height of 2 meters. It was assumed that the temperature on 
the day of application was 18 degrees Celsius and that there was no air movement, so 
the vapour could rise unimpeeded.  
 
It can model dermal exposure via the application of a product containing the 
compound of interest directly to the skin, either instantly or over time. It can also 
model the transfer of residues, either via the skin rubbing against a treated surface, 
migration from a treated material in direct contact with the skin or the diffusion of a 
compound into the body from a product applied directly to the skin. Transfer of 
residues from treated surfaces onto skin via rubbing is an exposure route applicable to 
all of the scenarios to a greater or lesser extent. The pregnant woman may be exposed 
via residues transferred to her tennis balls, the toddler whilst playing on treated turf, 
the golfer via residues transferred to his golf balls and the old age pensioner to 
residues transferred to his bowling balls. In order to estimate exposures via these 
routes, transfer coefficients must be determined for each compound between the 
surfaces of interest. These depend on the type and duration of the contact with the 
surface and how much pressure is applied during contact as well as skin condition and 
the physical properties of the compound (Showlund et al. 2001).  Therefore transfer 
coefficients usually have to be calculated anew for exposure scenarios using 
appropriate experimental data unless appropriate transfer coefficients exist for very 
similar scenarios and any uncertainties or error added by their adoption can be 
accepted or accounted for. Unfortunately appropriate transfer coefficients do not exist 
in the literature for most of the compounds involved in the exposure scenarios in this 
study, so dermal exposure could not be calculated. Oral exposure was identified as a 
potential route of exposure for the toddler but pesticide transfer from the turf to their 
hands would have to be calculated first so exposure via this route could also not be 
calculated. 
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 For each exposure scenario, a worst case scenario was assumed. The individuals were 
assumed to visit areas immediately after treatment, and remain in treated areas for the 
entire duration of their visit. The areas visited were assumed to be the same size and 
have the same pesticide application rates as the most heavily treated areas 
encountered during the municipal pesticide use survey. As area data were not 
available for pavements, areas were calculated by determining the distance travelled 
by the individuals and assuming an average pavement width of 1.5m. Travel speeds 
were set as 10.4kph for the pregnant woman, 5.6kph for the toddler, who is being 
pushed in a push chair, 5.6kph for the golfer and 3.5 kph for the old age pensioner   
(Knoblauch, Pietrucha et al. 1996; FWG 2009; Steudel-Numbersa and Wall-Scheffle 
2009). Where active ingredient  application rates could not be determined from the 
survey data, application rates used on similar surfaces by the greenkeeper on golf 
course D were substituted. Golf course D was chosen because it received the most 
pesticide applications, used all the pesticides used in the other areas of interest, these 
applications covered both hard surfaces and sports turf and occurred in the same year 
and in a similar area (London) to the applications that couldn't have their application 
rates determined. 
 
In the first scenario, the woman runs on pavements for 45 minutes, spends 30 minutes 
in an ornamental area in park A and plays tennis for 4 hours. Running and tennis were 
classified as heavy exercise and in the ornamental area she was assumed to be at rest 
for the purposes of the model. She weighs 67kg, average for a woman her age. In 
scenario 2, the toddler weighs 14kg, travels by buggy for 10 minutes to reach park A 
and spends 60 minutes playing in a grassy area (light exercise). The golfer in the third 
scenario walks on pavements for 15 minutes and spends 4 hours playing a round of 18 
hole golf. He spends 24 minutes around the tees, 48 minutes on the greens and 168 
minutes on the fairways. The old age pensioner in the fourth scenario spends 20 
minutes walking on pavements, 4 hours at his veterans club and 4 hours playing lawn 
bowls. 
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7.3 Results 
 
7.3.1 Conceptual Models 
 
Pesticides can enter the body via dermal contact, ingestion and inhalation. All three of 
these pathways are present in parks and other green spaces. Residues present on grass 
and hard surfaces can come into contact with the skin and may be transferred to the 
mouth and ingested. Ingestion is especially likely in the case of small children as they 
frequently put their hands or other objects in their mouths, and may be compelled to 
eat non food items. Inhalation of spray drift or pesticide vapour from recently sprayed 
areas presents another route of exposure, especially for people pursuing sports and 
other recreational activities that raise their rate of respiration. Conceptual models of 
pesticide exposure via parks and other green spaces, and pavements and other hard 
surfaces, are presented in Figure 7.1. A conceptual model of exposure via golf courses 
and other sports amenity turf is shown in Figure 7.2. Human exposure via this sector 
follows a different pattern to exposure via parks and hard surfaces. In order to 
maintain a suitable playing surface, the structural integrity and aesthetic standards of 
the turf must be maintained at a high standard, particularly in the case of golf courses. 
Because of this, more pesticides are used to maintain sports facilities than are used to 
maintain parks or hard surfaces. Pesticide exposure via the use of these facilities is 
largely restricted to people who use or maintain the facilities, a far narrower range of 
demographics than use parks or walk on pavements, although in the case of large open 
spaces like golf courses or football pitches this can include people uninvolved in the 
sport itself, such as dog walkers. 
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Figure 7.1. A Conceptual Model of Human Pesticide Exposure via Pesticide 
Applications Made in Parks and on Hard Surfaces. 
 
Figure 7.2. A Conceptual model of Human Pesticide Exposure via The 
Maintenance of Sports Turf. 
7.3.2. Pesticide Use: Pavements and Hard Surfaces 
 
Pesticide use data were provided by 6 of the 33 London Local Authorities, with a 
further 10 providing qualitative data but omitting pesticide use figures. The six that 
provided quantitative data will henceforth be referred to as A, B, C, D, E and F. 
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Glyphosate and Diuron were the active ingredients of the pesticides that the six 
respondents reported using, and the amounts of each are listed in table 7.1. 
 
Table 7.1. Total Weight of Diuron and Glyphosphate Used by 6 London Local 
Authorities in 2007-2008. 
 
Local 
Authority 
Glyphosate Diuron 
A 324.0  
B 121.0  
C 810.0  
D 43.5  
E 426.6 416.0 
F 230.4  
 
 
7.3.2.1 Glyphosate 
 
Glyphosate application was highest in April, with an average of 26.2% (S.E. = +/- 
7.0%) of the Glyphosate applied by each Local Authority being applied in this month. 
Average Glyphosate application is shown in Figure 7.3. Pavements were treated on 
average 2.67 times a year, which concurred with the anecdotal evidence provided by 
council employees who stated that pavements were treated between 1 and 3 times a 
year. Table 7.2 shows the number of applications made to different surfaces by the 
respondent Local Authorities, and compares them with the results of a previous study 
. The results presented here were very similar to and followed the same trends as the 
earlier study. Unfortunately it was not always possible to tell from the data provided 
whether the applications listed were made to the same areas or whether different areas 
were treated each time.  
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 Figure 7.3: Average percentage of total glyphosate weight applied in each month  
 
Table 7.2. Number of Glyphosphate Applications Made to Hard Surfaces and 
Pavements by Each Local Authority 
 
Local 
Authority 
Surface Category Number of 
Applications 
A 
Pavements, Kerbs, channels, car 
parks, public hard areas 3 
B Paving/ Tarmac 5 
 Cobbled and red brick paved areas 2 
 Housing 3 
C Highways 3 
 Shopping parades 2 
D Paths and roads 1 
E Paths and roads 3 
F Street pavements 2 
A 
Pavements, Kerbs, channels, car 
parks, public hard areas 3 
 
Table 7.3. Total Weight of Glyphosphate Applied Per Hectare of Hard Surfaces 
by Three London Local Authorities (kg/ha/yr). 
 
Local 
Authority Surface kg/ha/yr 
A 
Pavements, Kerbs, channels, car parks, public hard 
areas 4 
B Cobbled and red brick paved areas 2.75 
 Paving/ Tarmac 1 
F Street pavements 2.5 
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The compilation and interpretation of glyphosphate application data were hindered by 
the fact some councils reported the area treated in square metres and some in linear 
metres of treated pavement. The three Local Authorities that provided their 
application data in linear metres reported an average glyphosate application of 
0.130g/m (S.E. = +/- 0.006g/m). The two Local Authorities that provided their 
application data in square metres reported an average application of 0.072g/m2 (S.E. = 
+/- 0.021g/m2). Less glyphosphate was applied to tarmac covered areas than to paved 
areas, as council employees reported tarmac was more resistant to weeds . Tarmac 
covered areas received average applications of 0.020g/m2 (S.E.= +/- 0.008g/m2) 
compared to 0.136g/m2 (S.E. = +/- 0.003g/m2) for paved areas. The total weight of 
glyphosphate applied annually per hectare of hard surface per year is shown in Table 
8.3. 
 
7.3.2.2 Diuron 
 
Only one Local Authority reported using diuron as it was due to be withdrawn from 
use in December 2008 due to its toxicity. Council E reported a single application of 
diuron in May 2007 to control weeds on its streets. In total 416 kg of the active 
ingredient was applied to 1040km of street, giving an application rate of 0.4g/m or 
3.4kg/ha.  
 
7.3.2.3 Non Chemical Weed Management 
 
Three Local Authorities reported no pesticide use, citing environmental reasons. One 
had also discontinued pesticide use in its parks, one had managed all its roads and 
hard surfaces without pesticides for five years, and the other had ceased their use in 
April 2008. A representative from that Local Authority stated that previously they had 
sprayed with glyphosphate three times a year and since ceasing this regime had 
encountered weed control problems necessitating the employment of 36 extra 
workers. The only form of non chemical weed control they had found effective was 
manually sweeping debris away periodically to prevent weeds taking root. Pulling 
established weeds from between slabs or paving stones was found to be unwise, as 
doing so also removed the sand beneath the slabs or cobbles, which undermined them 
causing cracking and the formation of an uneven surface. This presented a trip hazard 
to members of the public. The effectiveness of manual sweeping depended on its 
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quality, which varied between workers, and the cost of employing the extra labour 
needed was forcing the Local Authority to reconsider its decision . 
 
7.3.2.4 Other Comments by Local Authority Employees and Contractors 
 
Both contractors and Local Authority employees strongly favoured glyphosate over 
diuron and manual sweeping. It was considered safe and environmentally friendly, 
with one Local Authority employee noting the diuron they had used previously had 
contaminated local watercourses. Glyphosate required three applications a year 
compared to one for diuron, and local Authority employees noted that it took several 
applications before the weeds were completely brought under control. Oil based 
products were favoured over water based ones as they lessened spray drift. One 
contractor reported that pesticides were considered a very controversial subject and 
that the industry as a whole frequently came under fire for using them, although 
alternatives were difficult and costly to implement. Local Authorities reported that 
pesticides were no longer used to kill trees, although they had been in the past, and 
that salting the roads in winter helped control weed growth in the spring. 
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7.3.3 Pavement Use 
 
Data from the 2005 National Travel Survey, Omnibus Survey and British Social 
Attitudes Survey (DfT 2005; Research 2005) suggest the most common reasons 
people walk are shopping (21%) getting to and from school, college or university 
(20%), socialising (20%) and walking for the sake of walking (17%), which includes 
walking for the sake of health and fitness and pet exercise . 11% of commuting to and 
from work is done by foot. Overall, 36% of people reported walking for 20 minutes or 
more at least 3 times a week, 21% at least once a week and 24% once a year or never. 
In 2005, women made on average 261 walking trips a year, whilst men made 192 
trips. The distance covered did not vary so greatly between the genders, with women 
walking on average only 14.5km further than men, giving an overall average for both 
genders of 1126.5m per trip. The average number of walking trips made by males and 
females in different age categories is shown in figure 7.4. Women aged 21-29 and 30-
39 were the most frequent walkers, making on average 289 and 330 trips respectively. 
Young children were heavy pavement users, with 49% of children aged 5-10 walking 
to school, a figure that rose to 80% amongst children living within a mile of their 
schools.  
 
 
 
Figure 7.4. Average number of walk trips made per year. (Department for 
Transport 2007) 
 
7.3.4. Pesticide use: Parks and Gardens 
 
Three Local Authorities provided park pesticide application data. Two of them, AA 
and BB, provided photocopies of their pesticide application records. Only one, AA, 
included the volumes of the pesticides applied, enabling analysis of the data. The 
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other Local Authority, CC, provided only qualitative data. The Royal Parks 
management body responded to the information request but reported no pesticide use. 
To account for the variety in park sizes, uses and intensity of maintenance, the parks 
were subdivided into four arbitrary categories for the purpose of data analysis. These 
categories were based on the information provided on the website of Local Authority 
AAs. These four categories were major parks, large parks, small parks and gardens. 
Major parks were those listed as major parks by the Local Authority, being large 
expanses of land usually incorporating a variety of different land uses. Large parks 
were those that were smaller than the major parks but large enough for the Local 
Authority to list their areas. Small parks were classified as the remainder of the 
unenclosed public green spaces listed and gardens were the enclosed areas named as 
such. Maps were used to assess the scale and corroborate these assumptions. 
 
7.3.4.1. Major Parks 
 
Local Authority AA had five major parks, three of which included pesticide use in 
their management plans. MCPA, mecoprop, dicamba, glyphosate and dichlorophen 
use were recorded in the three parks. Of these, only glyphosate has been suspected of 
being an endocrine disruptor to date. Application data for the three parks are shown in 
Table 7.4. The combined weights of the active ingredients used in the three parks are 
shown in Table 7.5. The amount of pesticides used does not correlate with park area 
and pesticide coverage was not uniform. Sports areas, hard surfaces and highly 
cultivated ornamental areas were the areas that received regular blanket pesticide 
coverage whilst other park areas received only occasional spot treatments to remove 
hard to kill perennial weeds. In park A, an enclosed ornamental garden, tennis courts, 
hard surfaces, a rock garden and the main drive were the areas treated. In park B 
pesticide application was restricted to hard surfaces and in C playgrounds, shrubberies 
and some unidentified areas were treated. Unfortunately, no value was recorded for 
the area treated by each application. Pesticide application, shown in Figure 7.5, varied 
by season with park A carrying out most of its pesticide application in the spring, 
treating only their hard surfaced in the summer. Pesticide application in park B 
followed the same pattern whilst park C treated its playgrounds in winter, carrying out 
the rest of its applications in the spring and autumn. 
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Table 7.4. Pesticide Applications Made in the Three Major Parks Managed By Local Authority AA. 
 
Major Park A    
Product  
Active 
Ingredient  
 Active Ingredient 
Applied (g) Surface 
Tritox  Dicamba  25 Enclosed Ornamental Garden & Golf Course Bunkers 
 MCPA  299 Enclosed Ornamental Garden & Golf Course Bunkers 
 Mecoprop  91 Enclosed Ornamental Garden & Golf Course Bunkers 
Tritox  Dicamba 3 Enclosed Ornamental Garden Lawn 
 MCPA  37 Enclosed Ornamental Garden Lawn 
 Mecoprop  11 Enclosed Ornamental Garden Lawn 
Tritox  Dicamba  28 Tennis Courts 
 MCPA  336 Tennis Courts 
 Mecoprop  102 Tennis Courts 
Tritox  Dicamba  16 Rock Garden & Main Drive 
 MCPA  187 Rock Garden & Main Drive 
 Mecoprop  57 Rock Garden & Main Drive 
Touchdown  Glyphosate  450 Hard Surfaces 
Roundup  Glyphosate  216 Hard Surfaces 
Roundup  Glyphosate  108 Hard Surfaces 
 MCPA  299 Enclosed Ornamental Garden & Golf Course Bunkers 
 Mecoprop  91 Enclosed Ornamental Garden & Golf Course Bunkers 
Tritox  Dicamba 3 Enclosed Ornamental Garden Lawn 
 MCPA  37 Enclosed Ornamental Garden Lawn 
 Mecoprop  11 Enclosed Ornamental Garden Lawn 
Tritox  Dicamba  28 Tennis Courts 
 MCPA  336 Tennis Courts 
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Major Park B 
Product  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Glyphosate  30 Hard Surfaces 
Roundup  Glyphosate  72 Hard Surfaces 
    
Major Park C    
Product  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Super Mosstox Dichlorophen  31 Playground 
Roundup  Glyphosate  108  
Roundup  Glyphosate  108  
Roundup  Glyphosate  108 Shrub Beds & Hedge Beds 
Roundup  Glyphosate  54 Shrub Beds 
Roundup  Glyphosate  324  
Roundup  Glyphosate  324  
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Table 7.5. Total Pesticide Weight Applied to Major Parks Managed by Local 
Authority AA. 
 
Park Active 
Ingredients (g) 
Park Area 
(ha) 
A 1,967.01 73 
B 102.00 89 
C 1,056.60 34 
 
 
 
 
Figure 7.6: Total Pesticide Active Ingredient Weights Applied Per Season 
 
 
7.3.4.2. Large Parks 
 
Pesticide application data existed for five large parks managed by Local Authority 
AA. The data are shown in Table 7.6. Only two active ingredients were used, 
glyphosate and dichlorophen, which is not currently suspected of being an EDC. The 
parks ranged in size from 18 to nearly 90 ha in size. The total weight of pesticide 
applied to the parks did vary from park to park (Figure 7.6), as did the number of 
applications made (Figure 7.7). Smaller parks appeared to receive fewer applications 
and less pesticide than larger ones, although the small sample size prevented further 
analysis of this trend. 
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Table 7.6. Pesticide Applications Made in the Five Large Parks Managed By 
Local Authority AA 2007/2008 
 
Large Park A    44.5ha    
Product  Active Ingredient  
Active Ingredient 
Applied (g)  Surface 
Roundup  Glyphosate  18 Not Listed 
Roundup  Glyphosate  54 Not Listed 
Roundup  Glyphosate  144 Not Listed 
    
Large Park B    89.0ha   
Product  Active Ingredient  
Active Ingredient 
Applied (g)  Surface 
Roundup  Glyphosate  34 Not Listed 
Roundup  Glyphosate  18 Not Listed 
Roundup  Glyphosate  18 Not Listed 
Roundup  Glyphosate  108 Not Listed 
Roundup  Glyphosate  216 Not Listed 
Roundup  Glyphosate  108 Not Listed 
    
Large Park C    68.8ha   
Product  Active Ingredient  
Active Ingredient 
Applied (g)  Surface 
Roundup  Glyphosate 108 Not Listed 
Super Moss Dichlorophen  61 Not Listed 
Roundup  Glyphosate  108 Not Listed 
    
Large Park D    36.4ha   
Product  Active Ingredient  
Active Ingredient 
Applied (g)  Surface 
Roundup  Glyphosate 108 Not Listed 
Roundup  Glyphosate  108 Not Listed 
Super Moss Dichlorophen  31 Not Listed 
Roundup Glyphosate  216 Not Listed 
    
Large Park E    18.2ha   
Product  Active Ingredient  
Active Ingredient 
Applied (g)  Surface 
Roundup  Glyphosate  144 Not Listed 
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Figure 7.7. Total Weight of Active Ingredients Applied to Large Parks Managed 
by Local Authority AA 
 
 
 
Figure 7.8: Number of Days in Which Applications Were Made to Large Parks 
Managed by Local Authority AA. 
 
As in major parks, pesticide applications varied by season, with the majority of 
applications being made in the spring and winter. When the averages of the 
percentages of the total volume of pesticides applied are calculated to eliminate the 
bias and large standard errors that would otherwise arise from the large variations in 
park and application sizes, this can be seen clearly (Figure 7.8). 
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Figure 7.9. The Average Percentages of The Total Volume of Pesticides Applied 
To Large Parks Managed by Local Authority AA Each Season. 
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7.3.4.3. Small Parks 
 
Local Authority AA applied pesticides to 13 of its small parks (Table 7.7). Again, 
only glyphosate and dichlorophen were used. Records were kept of the surfaces 
receiving pesticide applications, which allowed for greater analysis of pesticide usage 
in these areas. The overall weights of pesticides applied differed substantially between 
surfaces (Figure 7.9). Open spaces received by far the greatest quantity of pesticides 
with hard surfaces and ornamental shrub beds receiving roughly half as much. 
Playgrounds received slightly less and tree pits the least. Not all areas were treated in 
all parks. Hard areas were treated in 7 of the parks, shrub beds in 4, tree pits in 2 and 
open space in 1. The play areas were treated with dichlorophen in three parks and 
glyphosate in 1.  
 
 
 
Figure 7.10. Average Weights of Pesticides Applied to Different Surface Types in 
Small Parks by Local Authority AA. 
 
Table 7.7. Pesticide Applications Made in Small Parks Managed By Local 
Authority AA 2007/2008 
 
Small Park A     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g)  Surface 
Roundup  Weeds  Glyphosate  18 Hard 
Roundup  Weeds  Glyphosate  72 Hard 
     
Small Park B     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  108 Hard 
Roundup  Weeds  Glyphosate  108 Hard 
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Small Park C 
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  54 Hard 
Roundup  Weeds  Glyphosate  54 Hard 
Roundup  Weeds  Glyphosate  108 Hard 
     
Small Park D     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  10 Tree Pits 
     
Small Park E     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  10 Tree Pits 
     
Small Park F     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  18 Hard 
Roundup  Weeds  Glyphosate  32 Hard 
     
Small Park G     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  54 Hard 
Roundup  Weeds  Glyphosate  54 Shrub Beds 
     
Small Park H     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  54 Playground 
Super Mosstox  Moss  Dichlorophen  54 Playground 
Roundup  Weeds  Glyphosate  162 Open Space 
     
Small Park I     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  54 Whips Beds 
     
Small Park J     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  54 Shrub Beds 
     
Small Park K     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  54 Hard 
Roundup  Weeds  Glyphosate  108 Hard 
Super Mosstox  Moss  Dichlorophen  61 Playground 
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Small Park L 
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  144 Hard 
     
Small Park M     
Product  Reason  
Active 
Ingredient  
Active Ingredient 
Applied (g) Surface 
Roundup  Weeds  Glyphosate  162 Shrub Beds 
Super Mosstox  Moss  Dichlorophen  61 Playground 
 
 
The average percentages of the pesticides applied each season showed a strong bias 
towards the spring, with nearly 80% of the pesticides being applied at that time 
(Figure 7.10) and very little being applied in other seasons. 
 
 
 
Figure 7.11. Average Percentage of Pesticide Active Ingredients Applied Per 
Season in Small Parks Managed by Local Authority AA. 
 
 
7.3.4.4. Gardens 
 
Local AA treated two of its gardens with glyphosate in 2007/2008. No other 
pesticides were used. Application data is given in table 7.8. From the data provided it 
can be seen that in both gardens hard surfaces receive the largest number of pesticide 
applications and only glyphosate was used. The average weights of glyphosate 
applied to different areas in both gardens can be seen in Figure 7.11. The weight of 
glyphosate used in each hard surface application averages at 90g (S.E. = +/- 18.0%) 
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for garden A and 87.5 (S.E. = +/- 11.2%) for garden B. The shrub beds in garden B 
received the largest quantity of glyphosate in a single application, 108g, but received 
only one application. The tree pits in garden A received the least (10.8g). 
Unfortunately the sizes of the areas treated were not recorded. 
 
 
Figure 7.12. Average Weight of Glyphosate Applied per Application in Different 
Areas in Gardens A and B, 2007-2008 
 
Table 7.8. Pesticide Applications Made in Public Gardens by Local Authority 
AA in 2007/2008. 
 
Garden A     
Product  Active Ingredient  Reason  Surface  
Active 
Ingredient 
Applied (g) 
Roundup  Glyphosate  Weeds  Hard  108 
Roundup  Glyphosate  Weeds  Tree Pits  10 
Roundup  Glyphosate  Weeds  Tree Pits  10 
Roundup  Glyphosate  Weeds  Hard  54 
Roundup  Glyphosate  Weeds  Hard  108 
     
Garden B     
Product  Active Ingredient  Reason  Surface  
Active 
Ingredient 
Applied (g) 
Roundup  Glyphosate  Weeds  Hard  90 
Roundup  Glyphosate  Weeds  Hard  90 
Roundup  Glyphosate  Weeds  Hard  90 
Roundup  Glyphosate  Weeds  Hard  34 
Roundup  Glyphosate  Weeds  Shrub Beds  108 
Roundup  Glyphosate  Weeds  Hard  108 
Roundup  Glyphosate  Weeds  Hard  72 
Roundup  Glyphosate  Weeds  Hard  144 
Roundup  Glyphosate  Weeds  Hard  72 
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Garden pesticide applications were seasonal, with the majority of applications being 
made in the spring or summer (Figure 7.12). The one exception was the application 
made to the shrub beds in garden B, which was done in the autumn. 
 
 
 
Figure 7.12. Percentages of Pesticide Applications Made to Different Areas in 
Gardens A and B Arranged by Season. 
 
7.3.4.5. Other Pesticide Applications in Parks and Gardens 
 
All the records provided indicated that glyphosate was by far the most popular 
chemical used for weed control. MCPA, Mecoprop and Dicamba were also 
occasionally used. More noxious chemicals were used only as a last resort to 
eliminate hard to kill perennial weeds. In Local Authority AA two applications of 
Picloram were made in July and September 2008 in an attempt to eradicate giant 
hogweed (Heracleum mantegazzianum) and a mixture of 2,4 D, trichlopyr and 
dicamba was used by Local Authority CC to control Japanese knotweed (Fallopia 
japonica) 
 
7.3.4.6. Non Chemical Pest and Weed Control Methods in Parks and Gardens 
 
Two Local Authorities reported using no pesticides in their parks and gardens. One of 
these also used no pesticides for hard surface maintenance as pesticides had been 
banned in that particular borough. A garlic based product called Garlic Barrier was 
used by one Local Authority to deter blackfly and greenfly, and was reported as being 
very effective (Anonymous 2008a). In addition to being used as an insect repellent, 
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this compound was also an effective antibacterial and antifungal agent, and could be 
used safely on amenity turf.  
 
7.3.5 Park Use 
 
According to the GreenSTAT report (GreenSTAT. 2007), the majority of people 
(68%) use parks regularly, with 30% visiting once or twice a week, 25% visiting one 
most days and 13% visiting every day. In contrast only 13% visit two or three times a 
year, 7% once a year or less and 9% never visit. Visit frequency does vary by season 
as would be expected given the UKs temperate climate, with park visits being more 
popular in the summer than the winter (Figure 7.13.)  
 
 
 
Figure 7.13. Frequency of Park Visits in Summer and Winter Amongst people 
Who Visit Parks More Than Three Times Annually. 
 
Visit duration is invariably short, typically under 2 hours and tends to be shorter in the 
winter and during week days (Figure 7.14). The reasons given for these visits include 
exercise (40%), dog walking (20%) and various sport activities. A full breakdown of 
the park visit intentions reported in the GreenSTAT survey can be seen in Figure 7.15. 
Visiting parks was found to be a social and family activity, with 43% of the visits 
reported by respondents being made with friends and 30.8% of the trips being made 
with children. Despite this, a significant minority of children (27%) reported less than 
four park visits a year. Amongst the under 16s that did use parks, sport and informal 
games were the largest attraction with 49% visiting for this purpose. 32% visited for 
“fresh air”, 25% to ride their bikes, 21% to relax or think and 20% to keep fit. 
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Figure 7.14. Park Visit Duration Amongst Users Who Visit More Than 3 Times 
Annually. 
 
 
 
Figure 7.15. Park Visitor Intentions Reported in the GreenSTAT survey 
 
 
7.3.6 Other Areas Treated By Local Authorities 
 
In addition to hard surface, park and garden application data, Local Authorities AA 
and BB also provided pesticide use data pertaining to schools, graveyards, car parks 
and other areas.  
 
7.3.6.1 Schools 
 
One local authority reported pesticide applications at 13 schools within their borough. 
One was a nursery school catering for children aged between 3 and 5, one was a 
secondary school for children aged between 11 and 16, and the remaining 11 were 
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primary schools with pupils aged between 5 and 11 (Table 7.9). Glyphosate was the 
only active ingredient used and all the reported applications were made in April, May 
or June. 52.3% of the applications were made in April, 23.3% were made in May and 
19.4% were made in June. Another Local Authority reported using contractors to 
apply pesticides around schools. A wider range of active ingredients were used by the 
contractors at this site (Table 7.10) than were used by the previously mentioned Local 
Authority. 
 
Table 7.9. Glyphosate Applications Made to Schools in 2007-2008 
 
School Type Number of 
Applications 
Average Weight Per 
Application (g) 
Standard 
Error 
A Nursery 2 31.2 1.2 
B Primary 2 108.0 - 
C Primary 2 135.0 27.0 
D Primary 2 52.9 19.1 
E Primary 1 54.0 - 
F Primary 2 135.0 27.0 
G Primary 2 81.0 27.0 
H Primary 1 33.8 - 
I Primary 1 72.0 - 
J Primary 2 52.9 19.1 
K Primary 1 108.0 - 
L Primary 1 72.0 - 
M Secondary 1 270.0 - 
Average 1.54 90.08  
Standard Error 0.14 13.08  
 
Table 7.10. Pesticide Applications Made Around a School by A Maintenance 
Contractor 
 
Month Description Active 
Ingredient 
Area 
Treated 
Application 
Rate (g/m2) 
March Hard surfaces (fence lines, 
round trees, obstacles) 
Diflufenican 3,000 0.01 
March Hard surfaces (fence lines, 
round trees, obstacles) 
Glyphosate 3,000 0.08 
March Hard surfaces (fence lines, 
round trees, obstacles) 
Glyphosate 3,000 0.23 
March Astroturf edges Diuron 3,000 0.40 
October Astroturf and tarmac Diuron 16,000 0.05 
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7.3.6.2 Other Public Sports Areas 
 
Limited data were provided by Local Authority BB regarding pesticide applications to 
four municipally maintained bowling greens, two cricket grounds, two tennis courts 
and two running tracks. No quantity or area data were provided, but the active 
ingredients used and the number of applications made per year could be determined 
(Figure 7.19). The bowling greens appeared to be managed in a similar manner to the 
privately maintained golf courses, with several applications of a mixture containing 
MCPA, mecoprop and dicamba, and applications of the fungicide ferarimol and the 
insecticide carbendazim which are both suspected EDCs. The other sporting facilities 
were treated with herbicides alone, the cricket grounds with the MCPA, mecoprop 
and dicamba mixture, the tennis courts and running tracks with glyphosate.  
 
 
 
Figure 7.16. Pesticide Applications Made to Public Sports Areas By Local 
Authority BB in 2007/2008. 
 
 
 
7.3.6.3 Other Areas 
 
In addition to schools, Local Authorities AA and BB also reported using herbicides to 
control weeds in or around three car parks, three libraries, a town hall, a veterans club, 
two youth clubs and a graveyard (Table 7.11). Glyphosate alone was used in all areas 
except graveyards, where tree stumps were treated with a mixture of 2,4 D, dicamba 
and tripoclyr applied with a paint brush. 
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Table 7.11. Miscellaneous areas treated with pesticides by Local Authorities AA 
and BB. 
 
 
 
  
 
 
 
 
 
Council Area Number of 
Applications 
Active 
ingredient(s) 
Number of 
Applications/ 
year 
Standard 
Error 
Weight Per 
Application 
(g) 
Standard 
Error 
AA Car Parks 3 Glyphosate 1.33 +/- 0.33 44.65 +/- 10.79 
AA Libraries 3 Glyphosate 4.67 +/- 0.33 31.99 +/- 9.19 
AA Town hall 1 Glyphosate 3.00 - 33.14 +/- 11.24 
AA Veterans' 
Club 
1 Glyphosate 3.00 - 42.24 +/- 7.76 
AA Youth 
club/centre 
2 Glyphosate 3.00 - 35.45 +/- 25.45 
BB Grave Yards 1 Tripoclyr 1 - 6 
applications 
made on 6 
consecutive 
days 
 
BB Grave Yards 1 2,4-D, 
Dicamba, 
Triclopyr 
1 -   
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7.3.7 Golf Courses 
 
Five of the golf courses contacted provided pesticide application data. Of these five, 
two, referred to here as B and D, were managed by the same greenkeeper and 
therefore were very similar in terms of the pesticides used and their application rates. 
Far greater ranges and quantities of pesticides were applied to golf courses than to any 
of the other facilities studied. Details of each application made to the five golf courses 
are listed in table 7.12. 
 
Table 7.12. Pesticide Applications Made on the Five Golf Courses Studied 
 
Golf Course A        
Total area of golf club: 680,000m2  
Vol 
Used 
(L) 
Actual 
weight of 
Active 
Ingredient 
(g) 
Area 
treated 
(m2) 
Active 
Ingredient 
per area 
(g/m2) 
Total 
area 
(m2) 
 
  
Active 
Ingredient 
 
Product Type Description 
Mascot Super 
Selective  Herbicide  Mecoprop  12 519.6 20,000 0.026 680,000 
Grass. Deep 
Rough 
 Herbicide  MCPA  12 2,940.00 20,000 0.147 680,000 
Grass. Deep 
Rough 
 Herbicide  Dicamba  12 234 20,000 0.012 680,000 
Grass. Deep 
Rough 
Mascot Super 
Selective  Herbicide  Mecoprop  0.6 25.98 1,000 0.026 680,000 
Grass around 
bunkers 
 Herbicide  MCPA  0.6 147 1,000 0.147 680,000 
Grass around 
bunkers 
 Herbicide  Dicamba  0.6 11.7 1,000 0.012 680,000 
Grass around 
bunkers 
Mascot Super 
Selective  Herbicide  Mecoprop  9 389.7 15,000 0.026 680,000 
Grass, tee 
banks, practice 
areas 
 Herbicide  MCPA  9 2,205.00 15,000 0.147 680,000 
Grass, tee 
banks, practice 
areas 
 Herbicide  Dicamba  9 175.5 15,000 0.012 680,000 
Grass, tee 
banks, practice 
areas 
Rezacur  Fungicide  Chlorothalonil  30 15,000.00 10,000 1.5 680,000 
Grass, 18 
Greens 
Rezacur  Fungicide  Chlorothalonil  30 15,000.00 10,000 1.5 680,000 
Grass, 18 
Greens 
Rezacur  Fungicide  Chlorothalonil  30 15,000.00 10,000 1.5 680,000 
Grass, 18 
Greens 
Caste Off  Insecticide  Carbendazim  125 62,500.00 250,000 0.25 680,000 
Grass Fairways 
& Semi rough 
Rezacur  Fungicide  Chlorothalonil  30 15,000.00 10,000 1.5 680,000 
Grass, 18 
Greens 
Rezacur  Fungicide  Chlorothalonil  30 15,000.00 10,000 1.5 680,000 
Grass, 18 
Greens 
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Golf Course B        
Total area of golf club: 86,000m2   Actual 
weight of 
Active 
Ingredient 
(g) 
 
Active 
Ingredient 
per area 
(g/m2) 
  
   
Vol 
Used 
(L) 
Area 
treated 
(m2) 
Total 
area 
(m2) 
 
Product Type 
Active 
Ingredient Description 
Chipco Green  Fungicide  Iprodione  20 5,000.00 3,750 1.333 86,000 Greens 
Chipco Green  Fungicide  Iprodione  0.5 125 3,750 0.033 86,000 Greens 
Glyfos Pro  Herbicide  Glyphosate  0.5 180 1,000 0.18 86,000 
Paths and 
carparks 
Headland Relay  Herbicide  Dicamba  5 125 40,000 0.003 86,000 All fairways 
 Herbicide  MCPA  5 1,000.00 40,000 0.025 86,000 All fairways 
 Herbicide  Mecoprop  5 1,000.00 40,000 0.025 86,000 All fairways 
Glyfos Pro  Herbicide  Glyphosate  0.5 180 3,000 0.06 86,000 
Bunkers and 
paths 
Chipco Green  Fungicide  Iprodione  20 5,000.00 3,750 1.333 86,000 Greens 
Headland  Insecticide  Carbendazim  4 500 40,000 0.013 86,000 All fairways 
         
Golf Course C          
Total area of golf club: Not known  
Vol 
Used 
(L) 
Actual 
weight of 
Active 
Ingredient 
(g) 
Area 
treated 
(m2) 
Active 
Ingredient 
per area 
(g/m2) 
Total 
area 
(m2) 
 
    
Product Type 
Active 
Ingredient Description 
AgriGuard Pro 
Turf  Insecticide  Carbendazim  5 2,500.00 10,000 0.25 Greens  
New Estermone  Herbicide  2,4 D  5 1,000.00 10,000 0.1 Fairways  
 Herbicide  Dicamba  5 175 10,000 0.018 Fairways  
Roundup  Herbicide  Glyphosate  2.8 1,008.00 10,000 0.101 Pathways  
Roundup  Herbicide  Glyphosate  2.8 1,008.00 10,000 0.101 Pathways  
Roundup  Herbicide  Glyphosate  2.8 1,008.00 10,000 0.101 Pathways  
AgriGuard Pro 
Turf  Insecticide  Carbendazim  5 2,500.00 10,000 0.25 Greens  
Masalon  Fungicide  Myclobutanil  1 45 500 0.09 
Putting 
Green  
         
Golf Course D        
Total area of golf club: 360000m2  
Vol 
Used 
(L) 
Actual 
weight of 
Active 
Ingredient 
(g) 
Area 
treated 
(m2) 
Active 
Ingredient 
per area 
(g/m2) 
Total 
area 
(m2) 
 
    
Product Type 
Active 
Ingredient Description 
Inzacur  Fungicide  Chlorothalonil  10 5,000.00 10,000 0.5 360,000 Greens 
Pasturol Plus Herbicide  Dicamba  30 750 60,000 0.013 360,000 All areas 
 Herbicide  MCPA  30 6,000.00 60,000 0.1 360,000 All areas 
 Herbicide  Mecoprop  30 6,000.00 60,000 0.1 360,000 All areas 
Primo Maxx  Herbicide  Trinexapac-ethyl  0.2 24.2 10,000 0.002 360,000 Greens 
Pasturol Plus Herbicide  Dicamba  30 750 60,000 0.013 360,000 
Fairways, 
semis, rough 
 Herbicide  MCPA  30 6,000.00 60,000 0.1 360,000 
Fairways, 
semis, rough 
 Herbicide  Mecoprop  30 6,000.00 60,000 0.1 360,000 
Fairways, 
semis, rough 
Primo Maxx  Herbicide  Trinexapac-ethyl  0.2 24.2 10,000 0.002 360,000 Greens 
Expert-Turf  Fungicide  Chlorothalonil  15 7,500.00 10,000 0.75 360,000 
Greens & 
putting green 
Mildothane Turf  Fungicide  
Thiophanate-
Methyl  20 10,000.00 10,000 1 360,000 
Greens & 
putting green 
Primo Maxx  Herbicide  Trinexapac-ethyl  0.2 24.2 10,000 0.002 360,000 Greens 
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Primo Maxx  Herbicide  Trinexapac-ethyl  0.2 24.2 10,000 0.002 360,000 Greens 
Primo Maxx  Herbicide  Trinexapac-ethyl  0.2 24.2 10,000 0.002 360,000 Greens 
Expert-Turf  Fungicide  Chlorothalonil  10 5,000.00 10,000 0.5 360,000 Greens 
Pasturol Plus  Herbicide  Dicamba  20 500 40,000 0.013 360,000 Fairways, semis 
 Herbicide  MCPA  20 4,000.00 40,000 0.1 360,000 Fairways, semis 
 Herbicide  Mecoprop  20 4,000.00 40,000 0.1 360,000 Fairways, semis 
Pasturol Plus  Herbicide  Dicamba  20 500 40,000 0.013 360,000 
Fairways, 
semis, rough 
 Herbicide  MCPA  20 4,000.00 40,000 0.1 360,000 
Fairways, 
semis, rough 
 Herbicide  Mecoprop  20 4,000.00 40,000 0.1 360,000 
Fairways, 
semis, rough 
Pasturol Plus  Herbicide  Dicamba  20 500 40,000 0.013 360,000 Rough 
 Herbicide  MCPA  20 4,000.00 40,000 0.1 360,000 Rough 
 Herbicide  Mecoprop  20 4,000.00 40,000 0.1 360,000 Rough 
AgriGuard Pro 
Turf  Insecticide  Carbendazim  8 4,000.00 10,000 0.4 360,000 Greens 
AgriGuard Pro 
Turf  Insecticide  Carbendazim  6 3,000.00 15,000 0.2 360,000 Apron/tees 
Expert-Turf  Fungicide  Chlorothalonil  10 5,000.00 10,000 0.5 360,000 Greens 
AgriGuard Pro 
Turf  Insecticide  Carbendazim  16 8,000.00 40,000 0.2 360,000 Fairways 
Cyren  Insecticide  Chlorpyrifos  6 2,880.00 40,000 0.072 360,000 Fairways 
AgriGuard Pro 
Turf  Insecticide  Carbendazim  16 8,000.00 30,000 0.267 360,000 Fairways 
Cyren  Insecticide  Chlorpyrifos  6 2,880.00 30,000 0.096 360,000 Fairways 
Snare  Fungicide  
Thiophanate-
Methyl  15 7,500.00 10,000 0.75 360,000 Greens 
Superturf  Fungicide  Iprodione  15 3,750.00 10,000 0.375 360,000 Greens 
Primo Maxx  Herbicide  Trinexapac-ethyl  0.3 36.3 10,000 0.004 360,000 Greens 
Superturf  Fungicide  Iprodione  20 5,000.00 10,000 0.5 360,000 Greens/aprons 
AgriGuard Pro 
Turf  Insecticide  Carbendazim  8 4,000.00 20,000 0.2 360,000 
Odd Fairways 
1,4,7,13,15 
AgriGuard Pro 
Turf  Insecticide  Carbendazim  12 6,000.00 30,000 0.2 360,000 
Fairways 
2,3,8,10,11,14,1
6,17, odd bits 
Rezacur  Fungicide  Chlorothalonil  15 7,500.00 10,000 0.75 360,000 Greens/aprons 
Cyren  Insecticide  Chlorpyrifos  1.5 720 10,000 0.072 360,000 
Odd bits, 
Fairways, 
4,7,8,10,15,16 
Snare  Fungicide  
Thiophanate-
Methyl  20 10,000.00 10,000 1 360,000 Greens/aprons 
         
Golf Course E        
Total area of golf club: 176,000m2  
Vol 
Used 
(L) 
Actual 
weight of 
Active 
Ingredient 
(g) 
Area 
treated 
(m2) 
Active 
Ingredient 
per area 
(g/m2) 
Total 
area 
(m2) 
 
    
Product Type 
Active 
Ingredient Description 
Chipco Green  Fungicide  Iprodione  14 3500 7,500 0.467 176,000 Greens 
Glyfos Pro  Herbicide  Glyphosate  0.5 180 1,000 0.18 176,000 
Paths and 
carparks 
Headland Relay  Herbicide  Dicamba  5 125 70,000 0.002 176,000 All fairways 
 Herbicide  MCPA  5 1000 70,000 0.014 176,000 All fairways 
 Herbicide  Mecoprop  5 1000 70,000 0.014 176,000 All fairways 
Headland Relay  Herbicide  Dicamba  5 125 50,000 0.003 176,000 All fairways 
 Herbicide  MCPA  5 1000 50,000 0.02 176,000 All fairways 
 Herbicide  Mecoprop  5 1000 50,000 0.02 176,000 All fairways 
Glyfos Pro  Herbicide  Glyphosate  0.5 180 4,000 0.045 176,000 
Bunkers and 
paths 
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Chipco Green  Fungicide  Iprodione  20 5000 7,500 0.667 176,000 Greens 
Headland 
Carbendazim  Insecticide  Carbendazim  4 2000 40,000 0.05 176,000 
Some fairways; 
1,2,4,6,7,9,10,1
1,12,14,15,17,1
8 
Headland 
Carbendazim  Insecticide  Carbendazim  4 2000 30,000 0.067 176,000 
Some fairways; 
1,2,4,6,7,9,10,1
1,12,14,15,17,1
9 
Headland 
Carbendazim  Insecticide  Carbendazim  4 2000 20,000 0.1 176,000 
Some fairways; 
1,2,4,6,7,9,10,1
1,12,14,15,17,2
0 
Chipco Green  Fungicide  Iprodione  20 5000 7,500 0.667 176,000 Greens 
Chipco Green  Fungicide  Iprodione  20 5000 7,500 0.667 176,000 Greens 
 
 
 
7.3.7.1 Types of Pesticide Used 
 
Whilst herbicides were the dominant class of pesticides by municipal bodies and 
contractors in parks gardens, streets and other areas, herbicides were the least used 
pesticide class on the golf courses studied. On average, 24% of the total weights of 
pesticides applied to each golf course were herbicides. Insecticides comprised a 
further 29%, with fungicides making up the remaining 47%. Fusarium, a grass killing 
fungus, was cited as the reason for most of these applications. 
 
7.3.7.2 Application Timing 
 
Autumn and spring were the two main pesticide application seasons, accounting for 
43.8 % (S.E. = +/- 8.0%) and 27.9% (S.E. = +/- 6.9%) of applications respectively 
(Figure 16.), with October accounting for the greatest percentage of pesticide 
applications in any month (33.1%(S.E. = +/- 10.7%) followed by May (15.6% (S.E. = 
+/- 3.4%)). 
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Figure 7.17. Average Percentage of The Active Ingredients Applied Each Season. 
 
 
7.3.7.3 Active Ingredients 
 
In total 12 different active ingredients were applied to the golf courses, eight of which 
are known to be or suspected as being EDCs. Two herbicides suspected of being 
EDCs, 2,4 D and glyphosate were applied along with four that are not currently 
suspected to be EDCs (mecoprop, MCPA, Dicamba, Glyphosate and trinexapac-
ethyl). Three out of the four fungicides used, chlorothalonil, iprodione and 
thiophanate-methyl were known or suspected EDCs, as were the insecticides, 
carbendazim and chlorpyrifos. Myclobutanil was the only fungicide used not currently 
suspected to have ED properties. Iprodione and carbendazim accounted for the largest 
average percentages of the active ingredients applied to individual golf courses, 
accounting for 29.3% (S.E. = +/- 17.0%) and 28.6% (S.E. = +/- 9.0%) respectively, 
followed by chlorothalonil at 14.2% (S.E. = +/- 10.2%). A full summary of the 
average percentages accounted for by each pesticide is provided in Figure 8.17. 
Although the active ingredients used varied from course to course, each golf course 
used at least one fungicide, insecticide and herbicide. 
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Figure 7.18. The Average Percentage of Each Active Ingredient Used on Each 
Golf Course 
 
 
7.3.7.4 Application Rate and Location 
 
The application rates of the different pesticides varied between golf course areas 
(Figure 7.18), with some pesticides, like mecoprop, MCPA and carbendazim being 
used in small amounts in a variety of areas and others, such as chlorothalonil being 
used in large amounts in specific areas. Three fungicides, Chlorothalonil, Iprodione 
and Myclobutanil were used exclusively on greens, which were the most heavily 
treated area, whilst most other areas were treated with the more general purpose 
compounds.  
 
 
Figure 7.19. Average Pesticide Application Rates in Different Golf Course Areas 
 172 
 
 
7.3.8 Golf Course Use 
 
Data provided by a popular golfing website indicated that a typical round of golf on 
an 18 hole course lasts about 4 hours (Pro-Online 2008). Although formal studies of 
how this time is spent are hard to come by, a personal communication supplied by a 
golf statistician stated that for each hole about 2-3 minutes would be spent at the tee, 
5-7 minutes on the green and 5-15 minutes on the fairway (Wood 2008). This was 
corroborated by an anonymous Professional Golf Association (PGA) representative 
who estimated that players spent about 10% of their time on tees, 20% on greens and 
70% on the fairways, with occasional trips into the rough that are more difficult to 
give estimates for (Anonymous 2008b). A survey conducted by Sport England 
suggested that 6.37% of males in the UK and 0.94% of the female population play 
golf. Different age categories had different participation rates, with 2.69% of 16-34 
year olds participating, 3.74% of 35-54 year olds and 4.21% of those aged 55 or over 
(Table 7.13) Male participants were found to play 5.4 days a month on average, 
females 5.82. The length of time spent on course in a day was 218 minutes for men 
and 188 for women, less than the figure given by golf pro online, although it should 
be noted that the Sport England data included data for golf courses that were smaller 
than 18 holes (Sport England 2008).  
 
Table 7.13. Golfer Demographics and Playing Habits. 
 
Demographic Percentage of 
population 
Mean no of 
days in 4 weeks 
Mean length of 
time (mins) 
Overall 3.58% 5.5 214 
Male 6.37% 5.4 218 
Female 0.94% 5.82 188 
16 to 34 2.69% 4.25 206 
35 to 54 3.74% 4.7 221 
55 + 4.21% 6.83 213 
 
8.3.9 Pesticide Exposure Scenarios 
 
Exposures via inhalation for each of the four exposure scenario are shown in table 
7.14 and the acceptable daily intakes (ADIs) set by the world heath organisation are 
shown in table 7.15. The estimated exposures to most of the pesticides applied do not 
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exceed these ADIs via inhalation. In the all the scenarios, exposure to glyphosate 
vapour from pavements was negligible. Exposures to dicamba, MCPA and mecoprop 
applied to turf in scenario 1 did not exceed the ADIs for these chemicals in the park 
but did for MCPA and mecoprop on the tennis courts. In the case of MCPA, the 
exposure exceeded the ADI by an order of magnitude. MCPA was the only compound 
calculated to exceed its ADI in scenarios 2. Both Chlorpyrifos and MCPA exceeded 
their ADIs in scenario 3, and exposure to MCPA and mecoprop both exceeded their 
respective ADIs in scenario 4. 
 
Table 7.14. Estimated external doses of the pesticides used for facility and 
infrastructure maintainance in the four scenarios 
 
Scenario 1     
     
Surface Pesticide Application rate 
(g/m
2
) 
Area (m
2
) Estimated external 
dose (mg/kg) 
Pavement    11700  
 Glyphosate 0.18  0.0000241 
     
Park   2000  
 Dicamba 0.026  0.00259 
 MCPA 0.147  0.000204 
 Mecoprop 0.012  0.00175 
     
Tennis court   2300  
 Dicamba 0.026  0.0375 
 MCPA 0.147  0.00294 
 Mecoprop 0.012  0.0289 
     
     
Scenario 2     
     
Pavement   1200  
 Glyphosate   0.0000018 
     
Park   2300  
 Dicamba 0.026  0.00159 
 MCPA 0.147  0.000616 
 Mecoprop 0.012  0.00606 
     
     
Scenario 3     
     
Pavement   2100  
 Glyphosate   0.00000241 
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Golf Course     
Tee   15000  
 Carbendazim 0.2  0.00000629 
 Dicamba 0.013  0.0019 
 MCPA 0.1  0.000132 
 Mecoprop 0.1  0.00132 
     
Greens   10000  
 Chlorthalonil 0.5  0.0000781 
 Thiophanate-
methyl 
1.0  0.0000296 
 Trinexapac- ethyl 0.002  0.00349 
 Carbendazim 0.4  0.0000126 
 Iprodione 0.375  0.00000109 
     
Fairways   30000  
 Trinexapac- ethyl 0.002  0.0105 
 Dicamba 0.013  0.0133 
 MCPA 0.1  0.000882 
 Mecoprop 0.1  0.00922 
 Carbendazim 0.267  0.0000126 
 Chlorpyrifos 0.096  0.0201 
     
Scenario 4     
     
Pavement   1750.5  
 Glyphosate 0.18  0.00000474 
     
Veterans club   235  
 Glyphosate 0.18  0.0000569 
     
Bowling green   1400  
 Fenarimol 0.28  0.0000315 
 Carbendazim 0.2  0.00006 
 Dicamba 0.026  0.0192 
 MCPA 0.147  0.0013 
 Mecoprop 0.012  0.0128 
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Table 7.15. Acceptable daily intakes (ADIs) determined by the World Health 
Organisation for the compounds used in the four scenarios. 
 
Pesticide ADI 
Glyphosate 0.03 
Dicamba 0.055 
MCPA 0.0005 
Mecoprop 0.01 
Carbendazim 0.01 
Chlorthalonil 0.03 
Thiophanate methyl 0.08 
Trinexapac ethyl 0.032 
Iprodione 0.06 
Fenarimol 0.01 
Chlorpyrifos 0.01 
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7.4 Summary of Findings 
 
7.4.1 Observations 
 
The cross sectional design of this study and the low response rates obtained and the 
large amounts of variability within some of the results are its main limitations. 
Temporal trends in pesticide use or facility usage behaviours cannot be determined as 
only one year worth of data were obtained from all but one of the respondents. The 
low response rate was not unexpected, and the rates obtained were similar to those 
obtained by an earlier Risk and Policy Analysts Survey conducted in 2008 in regards 
to the Local Authorities (Risk and policy analysts ltd 2008). 6 out of the 33 (18%) 
Local authorities contacted provided quantitative data, compared with 25% of those 
contacted by the Risk and Policy Analysts survey. A further 10, however, provided 
qualitative data, which raises the response rate to 48%. Only 2 of the Local 
Authorities (6%) provided park use and pesticide application data. 10% (5) of the golf 
courses responded to the data request compared with 1% of those surveyed by the 
Risk and Policy Analyst Survey. There may have been some unintentional bias within 
the survey data as heavy pesticide users may have been less willing to respond due to 
the controversy surrounding pesticide use. It was certainly the case that contractors, 
who were heavier pesticide users than Local Authorities, were less willing to respond 
stating that revealing the chemicals they used could have left them vulnerable to their 
competitors and that they felt the pesticide industry was always under fire.  
 
Record keeping differed between individuals and organisations. Records of pesticide 
applications were kept on datasheets supplied by the pesticide manufacturers. The 
datasheets differed between suppliers with some offering more detail than others. 
Also, the amount of information recorded when applying pesticides differed between 
organisations, applicators and time of application, with some applicators providing 
more data on some days than on others. Certain data, most importantly the sizes of the 
areas treated in parks, was never provided. It was also often not possible to determine 
whether treatments applied on different dates were applied to the same areas. The 
quality of the risk assessments possible using these data would be enhanced greatly by 
the adoption of a standard datasheet formulated with risk assessment in mind. These 
factors and the different weed control strategies executed by the different Local 
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Authorities meant the standard errors incurred when averaging data were large. In 
some instances this could be reduced to a certain extent by aggregating the data 
provided for individual months into seasons. 
 
7.4.2 Pesticide Use  
 
Weed control protocols for pavements and other municipally maintained paved areas 
appeared to be undergoing significant changes at the time of this study, consistent 
with the objective of reducing the risks posed by pesticides whilst maintaining surface 
structural integrity and aesthetic standards. The changes implemented varied widely 
between authorities- some merely replaced diuron with glyphosphate in reaction to the 
recent ban on the use of diuron, whilst others had phased out pesticide use completely. 
Chemical free weed control was found to be challenging by those who tried it. 
Removal of weeds by hand was found to be the only effective method of controlling 
weeds once they took root but this was time consuming and ran the risk in paved areas 
of removing the sand beneath the slabs, which can lead to their fracture and create a 
dangerous uneven surface. Regular street sweeping, which had to be done by hand 
was used effectively as a prophylaxis by one Local Authority, but increased the cost 
of weed control, considerably forcing the Local Authority to re-examine their decision 
to phase out pesticides. Another controlled weeds on an ad hoc basis by sending an 
employee to remove them whenever they received complaints, which was cost 
effective but ran the risk of pavement damage and public dissatisfaction (Anonymous. 
2008c). Encouragingly, some observations had been made regarding effective non 
pesticide control strategies that could be integrated into future management practices. 
Salting roads and pavements late in winter was observed to retard the growth of 
weeds in the spring, and tarmac covered areas required fewer pesticide applications 
than paved areas. It is not inconceivable that salting and sweeping could be integrated 
into future weed control strategies and that weed resistant surfaces like tarmac could 
be used more often when creating or replacing walkways to reduce the need for 
herbicide applications. 
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Parks, most municipally maintained outdoor sports facilities and other areas 
maintained by Local Authorities mainly used pesticides with very low toxicities- 
mostly glyphosate, dicamba, MCPA, and dichlorophen. The use of more dangerous 
pesticides was restricted to the eradication of very difficult weeds. Contractors, 
however, often used more toxic compounds, such as diuron and diflufenican, even 
around sensitive areas such as schools. There were also reports from Local Authority 
representatives that contractors often over sprayed areas, using blanket spraying rather 
than spot treatments, for example, to cut costs. In their defence, the contractors willing 
to complete the survey or speak about their practices stated that market competition 
and time constraints made it very difficult for them to take any other approach. 
Caution must be exercised when extrapolating trends from the data obtained due to 
the small sample size, but park size appeared to influence pesticide application quite 
significantly. In all parks ornamental areas, hard surfaces (such as paved paths and 
playgrounds) and sports facilities received the most pesticides. Major parks, which 
tended to have more unmettled tracks and paths and less intensively managed 
ornamental areas, tended to use less overall than smaller parks where a greater 
proportion of their total area was taken up by ornamental plantings and other pesticide 
intensive areas. The use of natural pesticides such as garlic barrier represents a 
valuable new strategy that could reduce pesticide use in parks further, particularly in 
areas frequented by vulnerable groups, such as playgrounds. Even if pest and weed 
control methods that avoid the use of artificial pesticides are significantly more 
expensive than those that do not, using them to target areas frequented by vulnerable 
groups could be a valuable method of harm reduction if the artificial pesticides are 
found to pose a risk to these groups. Alternatively, avoiding the use of contractors in 
these areas could decrease overall pesticide exposure and exposure to some of the 
more toxic compounds as Local Authorities use less toxic chemicals. 
 
The actual risks posed to human health by Local Authority pesticide use depend 
largely on the risks posed by glyphosate based herbicidal formulations. It has been 
established that glyphosate itself has a very low toxicity and is not thought to have ED 
effects (Williams 2000). Its formulations, however, have been shown to be more toxic 
and may have ED properties (Gasnier et al. 2009). Dallegrave et al showed that 
Roundup, one of the most popular glyphosate formulations, is capable of delaying the 
development of the reproductive organs of female rats exposed to it in utero and that 
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it affected aromatase gene expression at concentrations 100 times less than those 
permitted by agricultural regulations (Dallegrave 2007). It has also been shown 
reduce testosterone levels by 90% in male Mallard drakes (Anas platyrhynchos) at 
low (5mg/kg) and high (100mg/kg) doses and reduce oestradiol levels at low doses. 
Treated animals showed alterations in the structure of their testes and epididimal 
regions (Oliveira et al. 2007). At high doses it has been shown to induce skeletal 
malformations in foetal rats (Dallegrave et al. 2003). In vitro, roundup inhibits 
steroidogenesis by disrupting the expression of the steroidogenic acute regulatory 
(StAR) protein, which is fundamental to their production (Walsh et al. 2000). It has 
been shown to be toxic to human placental cells at concentrations lower than those 
commonly used in agriculture, and to disrupt aromatase activity. Glyphosate alone did 
not have these effects (Richard et al. 2005; Benachour et al. 2007). As glyphosate is 
by far the most popular pesticide used for the maintenance of parks and paved areas, 
its toxicity and ED properties must be properly assessed if the risks its use poses to 
human health are to be quantified. The actual exposure of vulnerable groups such as 
children to glyphosate and other pesticides via the maintenance of parks, schools, 
sports facilities and paved areas also need to be properly quantified.  
 
Golf courses and bowling greens were the most pesticide intensive areas covered by 
the survey. Heavy applications of pesticide were used to maintain the short dense 
grass necessary to facilitate play. Golf courses had to maintain high aesthetic 
standards to attract and keep players in the face of competition from other clubs as 
well as maintaining useable playing surfaces. The profile of the pesticides used 
differed dramatically between different golf course areas and other areas surveyed in 
this study. Whilst pavements, parks and other municipally maintained areas primarily 
required herbicides to control weeds, fungicides and insecticides were the main 
classes of pesticides used on golf courses and bowling greens, to control Fusarium 
infections and earthworms retrospectively. As well as being the most heavily used 
pesticides, these categories also included the most harmful compounds observed in 
use in this study. Carbendazim, chlorothalonil and iprodione were the most heavily 
used pesticides in all the golf courses surveyed. All three of these chemicals are 
known or suspected EDCs. Carbendazim increases aromatase activity, increasing 
oestrogen production (Morinaga 2004), as does iprodione, although its effects are 
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weaker (Andersen 2002). Chlorothalonil has been shown to trigger the proliferation of 
androgen sensitive cells (Tessier 2001).  
 
The risks these pose to the health of golfers and golf course employees are clear. 
Increased incidences of and mortality from prostate cancer have been observed in golf 
course superintendents in the US (Kross 1996), and many case controlled and cohort 
studies support a link between the pesticides used to maintain turf and cancer 
(Knopper 2004). As golfers tend to be older males, and the risks of contracting cancer, 
including prostate cancer and the benign prostatic dysplasia preceding it, increase 
with age, preventing and reducing their exposure to chemicals that initiate and 
promote cancer would seem wise. One of the golf course managers contacted was 
already investigating means of preventing disease and weeds in order to reduce 
pesticide use. He reported successfully reducing the incidence of Fusarium by 
sharpening the grass cutting equipment every three weeks instead of twice a year, 
which decreased bruising to the grass stems during cutting making it more difficult 
for the fungus to take hold. He also recommended the aeration of the turf and removal 
of grass clippings and earthworm casts, which reduced disease incidence, reduced 
earthworm numbers by depriving them of food and removed a favourable medium for 
weed seeds to germinate in (worm casts). These techniques are supported in the 
literature as favourable methods to reduce the incidence of fungal disease 
(Anonymous 1997). If informed, golfers could take measures to minimise exposure, 
such as staying out of sprayed areas until the spray has dried, wearing trousers rather 
than shorts, not removing their shoes, washing their hands and forearms at the end of 
their rounds and avoiding behaviours that would place objects that have been in 
contact with the turf in contact with their mouths (such as placing cigars or cigarettes 
on the turf whilst playing or kissing/licking their golf balls for luck)  
 
Managing paved areas, parks and sports facilities without pesticides is currently 
expensive, labour intensive and may result in unacceptable reductions in the aesthetic 
and functional qualities of the areas under management. Alternative management 
strategies, such as sharpening grass cutting tools frequently and aerating turf to 
prevent Fusarium, are already being used to reduce pesticide use by some managers, 
and observations such as the inhibition of spring weed growth by the application of 
salt in the late winter show there is the potential for further such strategies to be 
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developed. Quantifying and developing these strategies as a means of pesticide risk 
reduction would be a valuable goal for future projects. Additionally, measures to 
reduce weeds that could be integrated into the design of these areas, such as the use of 
tarmac rather than paving need to be investigated as cost effective means of pest and 
weed management. 
 
7.4.3 Pesticide Exposure Scenarios 
 
7.4.3.1 Active Woman Aged 20-29 in the First Trimester of Pregnancy 
 
This scenario is intended to evaluate the pesticide exposure resulting from the 
municipal application of pesticides affecting an active woman in the early stages of 
pregnancy. At this point, when she may be unaware that she is pregnant, her foetus is 
at great risk from any EDC exposure it receives as the intercellular signalling 
governing its tissue growth and differentiation is sensitive to disruption and damage 
done at this stage cannot be corrected later. The average age of first time mothers in 
the UK is 29 (NOS 2000). A physically active woman who makes regular use of 
public pathways and sports facilities is likely to be exposed to more pesticides than a 
physically inactive one due to both the high frequency and relatively long duration of 
her contacts with treated areas and the increased respiration rate that results from 
undertaking physical exercise.  
 
It is assumed that the woman in question lives in a local authority that uses pesticides, 
that she goes running on pavements 8 times a month for about 45 minutes each time, 
that she cycles once a week, walks frequently (350 trips per year) covering about a 
mile each trip, that she visits her local park frequently and plays tennis. Her pesticide 
exposure at any given time will depend largely on the season as most pesticide 
applications are made to these areas in spring and early summer. If she falls pregnant 
at this time, her chances of encountering a freshly sprayed area is high as she is 
exercising outdoors nearly every day of the week, and although an average of only 
2.67 applications are made to pavements each year, each application may cover a 
large area and take many weeks to complete. Likewise parks and sports areas receive 
the greatest number of applications at these times of year. By contrast a woman who 
falls pregnant in the winter or who lives in an area governed by a Local Authority that 
does not use pesticides has very little risk of pesticide exposure via these routes.      
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The pesticide she will be exposed to most frequently is glyphosate, primarily via the 
inhalation of vapour and dust from recently sprayed areas. Its toxicity is low, and 
according to the calculations undertaken using ConsExpo, her exposure to the vapour 
is low. If glyphosate or any of the other ingredients in the sprays applied are EDCs 
there could still be a risk to her foetus however from the dust or from spray drift 
during application. If they are not then the risk is likely to be low. In addition to 
glyphosate there is also the possibility of exposure to the pesticides dicamba, MCPA 
and mecoprop. The inhalation of MCPA and mecoprop vapour was identified as 
requiring further assessment, but these have very low toxicities, are not known to or 
suspected of having ED properties and are rarely used, so they are unlikely to pose a 
great risk to the health of the woman or her foetus. 
 
7.4.3.2 Toddler 
 
Like foetuses, young children are at increased risk from exposure to pesticides and 
ED pesticides as their bodies are still growing and developing. Here the hypothetical 
subject is a one year old boy who visits his local park for an hour three times a week. 
He travels there in a pushchair and visits the playground area. He also runs around on 
the grass and is likely to put his hands and other objects in his mouth. It is assumed 
his Local Authority uses pesticides to maintain both the pavements he frequents and 
the park. In this scenario, his exposure via residues or spraydrift from treated 
pavements is likely to be low, as the time he spends going to and from the park is 
likely to be low. Exposure to glyphosate vapour from treated pavements was    
calculated to be very low. According to the GreenSTAT survey nearly half the 
population live within 10 minutes of a park (GreenSTAT. 2007).  
 
His exposure relative to his bodyweight will be higher than that of an adult however, 
as he is closer to the ground both in his pushchair and standing up, exposing him to 
greater concentrations of vapour and particulate matter, and being a toddler he has a 
higher rate of respiration than an adult. The bulk of his pesticide exposure is likely to 
occur in the park. If he plays in a recently treated area he will be exposed via 
inhalation, dermal contact with soil, plants and hard surfaces and via residues ingested 
either by hand to mouth contact or on non food objects eaten such as plants or small 
stones. On pavements and grassy areas he is most likely to be exposed during spring 
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and early summer whilst playgrounds may be treated in the winter. Glyphosate is the 
active ingredient he is most likely to be exposed to, along with dicamba, MCPA and 
mecoprop. The severity of the possible risks posed by MCPA vapour warrant further 
investigation, as the model showed that exposure to this pesticide via this route 
exceeded the ADI for this chemical. The park pesticide application data gathered 
indicate that he could also be at risk of exposure from dichlorophen which is used to 
control moss in playgrounds and on other hard surfaces. Both these chemicals are 
known to have low toxicities and dichlorophen is not currently a known or suspected 
EDC. If neither of these chemicals or their formulations have ED properties, then the 
risks posed to the toddler are likely to be low. 
 
7.4.3.3 Golfer in his 50s 
 
Due to the frequency of pesticide treatments applied to golf courses, the number of 
compounds used and the toxicity and ED properties of some of them, someone who 
regularly plays golf is likely to have a different pesticide exposure profile to someone 
who doesn’t. The hypothetical subject of this risk assessment is a male in his 50s who 
plays golf at least once a week for an average of four hours. He is relatively sedentary, 
making 150 walking trips of an average of 0.5 miles per year but does not run or take 
part in any strenuous activities and rarely visits parks. His pesticide exposure via 
pavements and municipal facility maintenance is likely to be very low as he makes 
little use of these areas, and the pesticides used to maintain these areas tend to be 
relatively benign. Therefore his use of these areas is unlikely to result in health risks 
from pesticide exposure. Pesticide exposure via the golf course he visits is another 
matter.  
 
Pesticides are applied to each area of the golf course he plays on approximately 9 days 
a year, mostly in the spring/ early summer and in the autumn. As the areas are treated 
separately and he visits 52 days a year, it is very likely he will play in recently treated 
areas or even be exposed to pesticide vapour or spraydrift coming from areas under 
treatment. The time he spends on the course is relatively long compared to the times 
usually spent by people in other open green spaces such as parks, and approximately 
50 minutes of that time is spent on the greens, where the most ED pesticides are 
applied. Thus he can be considered to have quite a high risk of exposure. Exposure is 
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likely to result via inhalation in the case of very recently treated areas and dermal 
contact resulting from the transfer of residues on turf to golf balls, clubs, other golfing 
equipment and golfers’ clothing. The pesticides used on the golf course are likely to 
include carbendazim, chlorothalonil, thiophanate-methyl, iprodione, chlorpyrifos and 
2, 4-D, all of which are known or strongly suspected of being EDCs. Glyphosate is 
also likely to be used to maintain areas around the site such as paths and car parks. In 
the hypothetical scenario, MCPA and chlorpyrifos vapour resulted in exposures 
exceeding their ADIs. Chlorpyrifos is a known EDC, so even relatively small 
exposures are a cause for concern. Due to the hazardous nature of some of these 
compounds and the high likelihood of exposures occurring during play, the risks these 
compounds pose, especially at low doses or as synergistically acting mixes, exposures 
to them cannot be ignored. Further work is required to determine dermal exposure to 
residues transferred to equipment and clothing, and the risks posed by spray drift to 
people living nearby golf courses need to be assessed. Although golfers make up a 
relatively small proportion of the population, they can be considered as a group that 
has a higher than average risk of ED pesticide exposure and further research is 
necessary to quantify and reduce this risk.  
 
7.4.3.4 Old Age Pensioner 
 
Older people may not face the developmental risks posed to foetuses and young 
children but they are still a category that can be considered to be at risk from the 
negative effects of pesticides. A lifetime of exposure to environmental toxins, 
pathogens and internally generated free radicals, coupled with age related decreases in 
the efficiency of their bodies’ self repair mechanisms put them at greatest risk of 
developing cancer. Indeed, only 26% of the people diagnosed with cancer in England 
and Wales in 2006 were under 60 (NOS 2006a). Therefore exposure of this 
population category to carcinogenic ED and non-ED pesticides and their formulations 
is a cause for concern. In this scenario the hypothetical subject is an active male in his 
early 70s who makes an average of 190 walking trips a year, who visits his local 
veterans club once a month and who goes lawn bowling once a week. He is most 
likely to be exposed to pesticides whilst walking on the pavements, but the risk posed 
by these exposures is likely to be low due to the relatively low toxicity of the main 
pesticide used (glyphosate). Likewise, if the weeds around his veterans club are 
managed in the same way as the veterans club managed by Local Authority BB, then 
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the low number of pesticide applications and low toxicity of the pesticide used should 
result in little risk to the subject’s health. Exposures to glyphosate calculated using 
ConsExpo were well below its ADI. The greatest risk is likely to come from the 
applications made to the bowling green he visits. Like golf courses these need to have 
very smooth, uniform turf, and many of the same pesticides are used to maintain it. 
Exposures to both MCPA and mecoprop vapour were calculated to exceed their ADIs 
in this scenario. The risk posed to his health is unlikely to be as great as that posed to 
a golfer as the number of applications made per year is lower, although unforseen 
additive and synergistic interactions involving the chemicals applied may still occur. 
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8. DISCUSSION 
 
8.1 Introduction 
 
This chapter summarises this project, its conclusions and limitations, in respect to its 
original objectives. Implications for policy and risk assessment are also summarised, 
and areas requiring further research are presented.  
8.2 Research Objectives 
 
In order to show that an environmental hazard poses risks to humans, wildlife and the 
environment at large, it must be established that it is present in the environment 
(source), that there are organisms susceptible to its effects (receptors) and that the 
hazard can reach these vulnerable organisms (pathway). This study aimed to identify 
known ED pesticides, vulnerable receptors their potential effects on these receptors 
and the exposure routes by which they reach them. From this, a risk management 
framework intended to protect humans was created and further work necessary to 
implement the framework identified. In addition to this, two studies were conducted 
to identify pesticides that reach humans via non agricultural exposure routes, as these 
have been very poorly researched in the UK. The first was done to determine which 
pesticides were used domestically for pest and weed control and to treat medical 
conditions in humans and animals. The second identified ED pesticides used to 
maintain municipal and private infrastructure accessible to the public. Pesticides used 
domestically and to maintain infrastructure and recreational areas are of particular 
concern as they can reach all members of society, including vulnerable groups such as 
pregnant women, young children and the elderly (see Chapter 2). 
 
8.3 Outputs 
 
The study undertaken to identify ED pesticides, their uses and their effects (Chapter 
4) identified 132 pesticides with known or suspected ED effects. Although overall 
pesticide use and the use of known or suspected ED pesticides was shown to have 
declined in recent years, the use of the most popular compounds remained steady. 
Confirmed ED pesticides included both the older, more toxic and persistent pesticides 
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such as the early organochlorine pesticides (DDT etc) but also many of the newer 
compounds intended as safer replacements. Although this is unsurprising, given that 
endocrine disruption has only been investigated in detail as a phenomenon since the 
early 1990s, it highlights the poor ability of current toxicological testing to identify 
ED pesticides. Several factors conspire to make this difficult. Our understanding of 
the modes of action by which EDCs operate is far from complete. There are also often 
long latencies between pesticide exposure and the manifestation of effects, 
particularly when the exposure occurs early in life. Pesticides are usually applied as 
mixtures along with adjuvants intended to improve their effectiveness. Some of these 
adjuvants have been shown to have ED properties and some pesticide formulas can 
have greater toxicities and ED properties than toxicities or ED properties of their 
individual components would suggest. Under normal conditions, organisms are 
exposed to constantly changing combinations of chemicals, some of which may act 
synergistically on the endocrine system. Therefore, determining the ED effects of 
compounds by testing individual compounds on animals or cell cultures isolated in a 
laboratory may not give an accurate indication of the risks posed by these compounds 
when they are in use. There is also the tendency of many EDCs, like natural 
hormones, to manifest non-monotonic dose response curves where the compounds 
show greater than anticipated activity at very low doses. Conventional toxicological 
testing assumes a linear dose response curve. 
 
Current pesticide exposure risk management was found to ignore several key 
exposure routes. Exposure to agricultural pesticides via occupational exposure and 
residues in food and water was well researched and exposure reduction measures, 
such as food and water pesticide residue monitoring programmes and health and 
safety guidelines to reduce pesticide applicators are already in place. The exposure of 
residents bystanders in rural, however, had largely been ignored despite growing 
evidence that the health of bystanders and residents is affected. There were no legal 
requirements to limit spraying near residences or public rights of way. Voluntary 
guidelines to limit exposure were based on unreviewed pesticide spraydrift data from 
the 1970s which vastly underestimated the distance pesticide spraydrift and vapour 
can travel. As the world becomes increasingly urbanised and the vast majority of the 
populations of developed countries live in urban or periurban areas, exposure to 
pesticides via non agricultural routes should be taken into account when calculating 
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the risks posed by these compounds. Existing studies showed that pesticides are 
widely used domestically and in the maintenance of pubic and private infrastructure 
and recreational areas, and in some cases associations have been found between 
contact with treated areas and disease. Overall human exposure to pesticides was 
found to be poorly monitored. Although persistent compounds can be detected in 
blood, milk and tissue samples, these are rarely used to monitor human pesticide body 
burdens, mainly due to the expense and invasive nature of such tests. Testing urine for 
pesticide metabolites can be used as an indicator of human exposure to non-persistent 
pesticides but is prone to false positives due to the pesticide metabolites present in 
food passing through the body unchanged. Some pesticide metabolites, however, can 
have ED effects although these are not well researched or taken into account in 
current pesticide risk management. 
 
Calculating human ED pesticide exposure from most of the exposure routes identified 
is theoretically possible using existing exposure models, although some would have to 
be modified extensively for use in the UK (Chapter 5). The available models included 
ones specific to particular exposure scenarios, such as SWIMODEL, which is specific 
to pesticide exposure via water in swimming pools, and ones which estimate exposure 
from a wider range of sources such as POEM and SHEDs. Some models gave point 
estimates of single exposures, whilst others estimated cumulative doses. Both 
probabilistic and deterministic modelling approaches were found to be in use. 
Probabilistic modelling is favoured where good data are available as they take 
uncertainty and variability into account, giving realistic exposure estimates. They can 
also produce supplemental data helpful for risk management decisions. Due to their 
susceptibility to compound error, need for large data sets and rigorous testing, and 
difficulties that can arise interpreting the data they produce, probabilistic models are 
not always the best options for estimating pesticide exposure.  
 
Deterministic models are easy to use and validate, producing easily interpreted 
exposure estimates, even if they tend to be over simplistic and can often overestimate 
exposure. Deterministic and probabilistic models are often used together in tiered risk 
assessments, with deterministic models being used to screen large numbers of 
compounds or scenarios, and probabilistic models being used to perform in depth 
assessments of those identified as potential problems. When adapting a model 
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developed abroad for use in the UK, the assumptions and datasets used in its creation 
would have to be examined and replaced if necessary with UK equivalents. Pesticide 
exposure would have to be quantified for agricultural spray drift, dietary exposure, 
and municipal, medicinal and home pesticide use. At least two sources of exposure, 
aircraft disinsection and residues on ornamental plants and cut flowers, have never 
been adequately investigated or included in modelling. Although these represent very 
minor routes of exposure to the public at large, they are potentially large sources of 
exposure for people whose professions put them in contact with them. Differences in 
exposure between people living in urban, periurban and rural environments also need 
to be quantified if the risks posed by ED pesticides to the entire population are to be 
accurately assessed. 
 
The framework proposed in chapter 5 is a tiered risk assessment based on an existing 
tiered toxicity testing scheme which includes the concept of critical groups. This 
concept is useful in the managements of hazards with the potential to harm specific 
subpopulations disproportionately. By identifying these subpopulations (critical 
groups) and prioritising their safety during risk assessment and management, the risks 
posed both to them and the general population by the given hazard are kept to a 
minimum, in keeping with the precautionary principle. Foetuses, children, pesticide 
applicators and the elderly were identified as critical groups in relation to ED 
pesticide risk assessment and management. Foetuses and young children have tissues 
that are growing and differentiating rapidly under the control of hormones and growth 
factors and are therefore more susceptible to the effects of EDCs than mature tissues. 
Pesticide applicators have greater potential to be exposed to ED pesticides than other 
members of the population and residues on their clothing and vehicles can be a source 
of exposure for their families. Cancer is mostly a disease of old age, and since some 
EDCs can promote the growth, spread and recurrence of the disease the elderly were 
included as a critical group.  
 
The framework consists of two tiers of modelling followed by a risk assessment based 
on this modelling and additional exposure studies and data collection if necessary. 
The first tier uses conservative deterministic models to determine whether known or 
suspected ED pesticides are likely to reach the critical groups. The second tier models 
this exposure using a combination of probabilistic models to assess this exposure and 
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eliminate false positives given by tier 1. Suitable models for both tiers were identified 
for most exposure routes although these would need to be adapted and expanded as 
described above. Case studies demonstrated that the lower tier models were capable of 
screening pesticides likely to reach critical groups, although determining acceptable 
ADIs for compounds that have non-monotonic dose response curves is currently not 
possible. 
 
Chapter 6 presents the results of a survey intended to determine which ED pesticides 
are commonly used for medical and veterinary purposes and to control pests and 
weeds around the home, and investigate how different sociodemographic factors 
influence their use. Medicinal pesticide use was identified as a potentially important 
source of pesticide exposure when prescription pesticides were used as all three of the 
insecticides prescribed by UK doctors for ectoparasite control are known or suspected 
EDCs. Pyrethroids used domestically to control insects presented another potentially 
important source of exposure. Two potentially hazardous EDCs, fipronil and 
dichlorvos, were identified as being potential exposure sources due to their use in 
veterinary medicine, but the significance of veterinary pesticide use as an ED 
pesticide exposure source was difficult to determine as only a small number of 
respondents reporting their use and the active ingredients used were hard to identify. 
252 respondents completed the survey. This sample size was not large enough to give 
definitive answers regarding the influence of some of the socio demographic factors, 
however.  
 
Education showed statistically significant relationships with pesticide use, with 
education and medicinal and veterinary non ED use, and veterinary ED pesticide use 
showing positive correlations. It was unclear why this should be. People living in 
larger homes and wealthier people appeared to use more domestic pesticides, whilst 
wealthier people appeared to use less medicinal and veterinary pesticides. Although 
not statistically significant, these findings support previous work. Although the 
presence or absence of children did not affect the ED status of the pesticides used, 
people with children accounted for a disproportionately large amount of veterinary 
pesticide use. 
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The use of pesticides for the municipal and private maintenance of infrastructure and 
recreational areas is similarly investigated in Chapter 7. The survey used in the study 
was distributed to golf course green keepers and local authorities throughout London, 
and an unsuccessful attempt was made to gather pesticide use data from the 
contractors used by rail companies to maintain tracks. Hypothetical case studies were 
conducted to determine whether the recorded pesticide applications might reach 
members of critical groups. Herbicides, mostly applied in the spring and summer, 
were the most common class of pesticide used on pavements and in parks. Glyphosate 
was the most frequently used herbicide, although dicamba, MCPA, and dichlorophen 
were also in use. Pesticide use was less prevalent in larger parks than smaller ones as 
smaller parks contained more ornamental areas, hard surfaces and other areas that 
required pesticide use to maintain them. The most hazardous pesticides used were 
used sparingly to eliminate plants that were invasive and otherwise hard to control. 
The Royal parks used no pesticides at all. It was noted that when contractors were 
used they tended to apply more pesticides and use more toxic compounds than local 
authority staff. On golf courses, however, pesticide use was heavier and fungicides 
and insecticides were the prominent classes used and more applications were made in 
the autumn. The predominant compounds included carbendazim and chlorothalonil, 
two well documented EDCs.  
 
Some local authority staff and a golf course green keeper reported trying to integrate 
non chemical weed and pest control methods with varying degrees of success. Non 
chemical weed control was difficult as the only effective preventative method, hand 
sweeping, greatly increased costs and its effectiveness was determined by the 
conscientiousness of the employees doing it. Removing weeds on an ad hoc basis 
risked damaging the pavements. Tarmac surfaces and salting the roads in the spring 
time were both observed to inhibit weeds, and a garlic based product was found to be 
an effective blackfly control. One green keeper reported some success reducing 
pesticide applications using preventative measures. By investing in sharpening 
equipment for his grass cutting tools he reduced damage to the turf and reported a 
lower incidence of fungal infection. Removing grass clippings and earthworm casts 
both reduced the earthworm population and prevented weeds establishing themselves 
in the turf. 
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Critical group case studies revealed that for a pregnant woman parks and pavements 
were likely to be the greatest sources of exposure from these pesticide uses and that 
glyphosate was the compound she would be most likely to be exposed to. Although 
glyphosate is relatively benign, its commercial formulations have been observed to 
have ED effects including interference with gender specific foetal development. 
Young children were estimated to be most at risk from exposure to glyphosate and 
dichlorophen. Given the frequency with which most golfers visit golf courses and the 
hazardous nature of the pesticides commonly used there, golfers should be considered 
as a group that is at a greater than average risk from EDC exposure. An elderly person 
is likely to come into contact with glyphosate via its use in pavement maintenance. If 
they frequent an area of turf that requires intensive maintenance, such as a bowling 
green then they may come into contact with more noxious chemicals, but they will 
receive less exposure than a golfer as applications to these areas are less frequent than 
those made to golf courses. 
 
8.4 Study Limitations 
 
As of yet, the identification of all pesticides capable of affecting endocrine signalling 
is far from complete. The mechanisms by which EDCs in general affect the body are 
not yet fully understood and conventional toxicological testing does not use 
methodologies that are adequate to identify these chemicals. Due to the large number 
of natural and manmade ED compounds an organism is likely to encounter over its 
lifespan, the epigenetic effects of some environmental toxicant and the subtle 
interactions between an organism’s genes and environmental circumstances, 
determining whether specific conditions have been triggered by specific chemicals 
can be exceptionally difficult. Therefore, the list of ED pesticides created during this 
study cannot be considered to be complete, and what is known about the ED 
properties of some may not be accurate. The creation of the framework and 
subsequent exposure modelling and risk assessment was limited firstly by model 
availability, as most of the more complex models were expensive and could not be 
obtained given the funds available. Secondly, as the datasets required to model human 
exposure in the UK from certain sources were not available and some exposure routes 
had not been investigated or modelled at all, it would not have been possible to 
present a holistic estimate of human pesticide exposure in the UK even if the 
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necessary models had been obtainable. Thirdly, the extent to which the risks posed by 
estimated pesticide exposures could be assessed was limited due to difficulties 
determining appropriate cut off points below which exposures could be ignored. The 
study of domestic pesticide use was limited by difficulties distributing the survey and 
obtaining responses. The relatively small number of responses that could be obtained 
in the time available limited data analysis and as the distribution methods favoured 
those in employment, groups such as the unemployed and elderly were excluded. The 
study of pesticide use in the maintenance of infrastructure and recreational areas was 
also limited by the response rate. Contractors, local authorities and green keepers who 
were heavy pesticide users may have been less willing to respond, adding a selection 
bias. Record keeping formats and quality also affected the amount of analysis that 
could be performed. Some key data, such as the sizes of areas treated, were often 
omitted. Both studies were cross sectional, so trends in pesticide use over time and the 
effects of societal phenomena such as the current economic recession on pesticide or 
facility use cannot be inferred.  
8.5 Implications for Policy and Risk Assessment 
 
It is obvious from this study that current measures used manage the risks posed by 
pesticides need improvement, especially for compounds with ED properties. 
Currently, toxicological testing is only required for compounds listed as active 
ingredients in pesticide formulations and other ingredients are considered to be inert. 
The case of nonyl- and octophenol epoxylate, and the enhanced toxicity and ED 
properties of commercial glyphosate formulations compared to glyphosate alone show 
that this is not the case. This shortfall in the toxicological testing of adjuvants and 
commercial pesticide formulations must be corrected. Any assessment of the risks 
posed by a pesticide should take account of where and how the compound is allowed 
to be used. People living in urban, periurban and rural environments are likely to have 
very different exposure profiles. Guidelines and legislation intended to protect 
bystanders from agricultural spraydrift are also wholly inadequate. Given the risks 
posed to the health of people living in or visiting areas affected by pesticide 
spraydrift, legally enforceable measures based on sound scientific data are required to 
ensure pesticides are not applied near dwellings, schools and other areas they may 
reach vulnerable people. The recommendation of pesticides with ED properties for the 
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treatment of head lice by the British medical association is of concern and highlights 
the need for the adoption of non chemical head louse control measures and their 
encouragement by the medical profession. The inclusion of weed control as a 
consideration when designing infrastructure could be used by local authorities and 
private companies to reduce their reliance on herbicides. Since contractors use more 
pesticides than local authority employees, using local authority employees to manage 
pests and weeds around areas where vulnerable people are likely to congregate could 
be used to reduce their pesticide exposure. It also makes more sense to concentrate 
more expensive non chemical methods on these areas as a means of risk reduction. 
Managing the risks posed by these compounds by prioritising the most vulnerable 
receptors would give greater protection to the population and environment as a whole, 
in keeping with the precautionary principle. 
 
8.6 Further Research Requirements 
 
Research to further understanding of the effects of EDCs on organisms is essential if 
these compounds are to be identified, and the risks they pose prioritised and managed. 
For example, knowledge of how different molecular moieties are likely to interact 
with hormones, their transport proteins and receptors could be used to identify 
potential EDCs using (Q)SAR modelling, which would be very useful in the lower 
tiers of tiered risk assessment frameworks. Tiered screening protocols and risk 
assessment are needed to manage the risks posed by ED pesticides in a cost effective 
manner. Tests conducted in silico such as (Q)SAR modelling would allow very large 
numbers of compounds to be screened cheaply provided interactions the cellular 
receptors involved in the system being modelled have been identified and are well 
enough studied for their interactions with chemicals to be modelled, and the results 
are interpreted in a conservative manner so suspect compounds are not eliminated at 
too early a stage. In vitro tests using cell and tissue cultures to examine the effects of 
suspected ED pesticides could provide a cost effective way to model how suspect 
compounds are likely to act in vivo. In vitro tests used in biomedical research to 
determine how drugs are likely affect patients by examining their effects on cell 
signalling may be suitable for this purpose. In vivo tests could be used to further 
screen these compounds if necessary, or they can be eliminated altogether if it is 
thought the in vitro tests offer an adequate indication of the hazard posed by the 
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compound. Even if some in vivo testing is still required, using tests carried out in 
silico and in vitro still reduces the need for in vivo testing, reducing costs and the 
ethical objections arising from the use of live animals. Compounds identified as 
potentially hazardous by these tests could then be assessed using a tiered risk 
assessment framework as described in chapter six.   
 
 The identification of chemicals that are likely to have unexpected effects at low doses 
also needs to be tackled so ADIs which allow for these properties can be set when 
assessing and managing the risks they pose. The exposure of bystanders to 
agricultural spraydrift and the exposure of people to pesticides via non agricultural 
routes of exposure in the UK need urgent quantification and inclusion in risk 
assessment and management procedures. The occupational exposure of people to 
pesticides via residues present on cut flowers and ornamental plants or via the 
disinsection of aircraft also needs to be quantified and modelled. Since the treatment 
of head lice represents a source of child exposure to ED pesticides, the development 
and adoption of non chemical head louse prevention and control methods should be 
prioritised. Exposure to other pesticides used medicinally, for veterinary purposes or 
for domestic purposes remains to be determined, as does exposure to pesticides used 
municipally and privately to maintain infrastructure and recreational areas. Non 
chemical methods that can be used for these purposes should also be developed and 
encouraged. 
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9. CONCLUSIONS 
 
9.1 Introduction 
 
This chapter presents a summary of the findings made during the course of this study. 
Overall it is clear that Endocrine Disrupting Pesticides do not receive sufficient 
attention from policy makers and that current pesticide risk management measures do 
not protect those vulnerable to their effects. It is possible to construct a risk 
assessment framework to screen and produce recommendations for risk management, 
but extensive work is still needed to collect the data and adapt the models required to 
implement it. Particular attention must be paid to the exposure of bystanders and rural 
residents to agricultural pesticide spraydrift and the exposure of the general public to 
pesticides used for medicinal, veterinary and domestic purposes and the maintenance 
of public and private infrastructure and recreational areas. 
 
9.2 Findings 
 
• Current toxicological testing of pesticides is failing to identify compounds and 
formulations with ED properties. An enhanced understanding of the means by which 
EDCs affect organisms is required, and toxicological testing must take into account 
properties such as non-monotonic dose responses and the additive and synergistic 
actions of compounds, if possible.  
 
• The adjuvants used to improve the effectiveness of pesticide formulations are not 
always inert and formulations can be more toxic or have greater ED potential than 
their active ingredients. The toxicological testing of pesticide formulations and the 
adjuvants approved for use in them is therefore necessary. 
 
• Biomonitoring is currently underutilised as a means of investigating human 
exposure. National monitoring programmes, similar to that currently implemented in 
Belgium, would be a useful addition to food and water pesticide residue monitoring to 
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help monitor human pesticide exposure and validate the results of exposure 
modelling. 
 
• Assessing adjuvants and pesticide formulations on a reactive basis is not adequate to 
protect public health. A proactive screening protocol is needed to test all existing 
pesticide formulations, active ingredients and adjuvants in use, and new ones before 
they go on the market. 
 
• Spraydrift and vapour from pesticides applied agriculturally travels further and 
poses a greater hazard to human health than is anticipated by current risk management 
guidelines in the UK. These guidelines urgently need improvement if the risks posed 
to residents and visitors to rural areas are to be managed in an acceptable manner.  
 
• Determining the risks posed to human health by the glyphosate formulations 
available commercially is vital since these formulations are very widely used and 
have been shown to be more toxic and hazardous to the endocrine system than 
glyphosate alone. 
 
• It is possible to create a tiered risk assessment and management framework for this 
purpose based on existing deterministic and probabilistic models of human pesticide 
exposure via most exposure routes, but further work is required before such a 
framework could be implemented. Appropriate datasets necessary to model exposure 
via non agricultural routes would need to be collected and assumptions made in the 
creation of foreign models would need to be checked to ensure they were compatible 
with the geographical and social conditions present in the UK. Appropriate ADIs for 
EDCs showing non-monotonic dose responses would need to be determined. 
Differences in exposure profiles between people living in urban, periurban and rural 
environments would also have to be taken into account. 
 
• Identifying critical groups which are most at risk from EDC exposure and tailoring 
risk assessment and management to protect these groups is a useful new strategy in 
 198 
the risk management of these compounds. The risk to both the critical groups and 
population at large can be minimised, in keeping with the precautionary principle. 
 
• Non agricultural routes of pesticide exposure must receive greater attention in 
pesticide risk assessment and management. Pesticide exposure to the general 
population via the use of pesticides in the home or in the management of public and 
private infrastructure and recreational areas has been largely ignored in the UK, 
despite the vast majority of the population coming into contact with these sources. 
Medicinal pesticide use is of particular concern as all the pesticides currently 
recommended for prescription by doctors are known or suspected EDCs and their use 
has been linked to leukaemia by previous studies (Menegaux et al 2008). The 
ingestion of pesticide residues also warrants further investigation for two reasons. 
Firstly, residue variability between individual food items and individual dietary 
preferences may increase individual exposure. Secondly, the ADIs currently in use 
were set without consideration for low dose or synergistic effects and it has been 
shown that some pesticide metabolites have ED effects. 
 
• The number of years spent in secondary education correlates positively with non ED 
medicinal pesticide use and the veterinary and domestic use of both ED and non ED 
pesticides. These trends have not been reported before and further work is required to 
determine whether they are genuine and what factors are contributing to them. 
 
• Timing and security are paramount when conducting work involving schools. 
Holidays and the busy periods immediately preceding them are to be avoided. If 
material is to be accessed via the internet, care must be taken to ensure the site hosting 
the material is compatible with school internet security. 
 
• Golf courses use the most ED pesticides and are the most heavily treated of all the 
publicly accessible areas studied. Large parks receive the least pesticides and some, 
particularly the Royal Parks, use no pesticides in their management. Pesticide use in 
parks is dominated by herbicides and tends to be concentrated on hard surfaces and 
high maintenance ornamental areas. Applications to pavements and other publicly 
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accessible hard surfaces now consist almost entirely of the application of glyphosate 
based herbicides.  
 
• The risks to vulnerable groups posed by pesticides used in the maintenance of 
public and private infrastructure and recreational areas are dependant on the time of 
year as well as individual habits. Herbicide applications on pavements and in parks 
mostly take place in the spring and early summer. Paved and ornamental areas in golf 
courses receive similar applications, but the bulk of pesticide applications to the turf 
are applied in the autumn.  
 
• Contractors carrying out maintenance work for local authorities were found to use 
more pesticides than local authority employees. If this is indeed the case, it may be 
worth limiting the use of contractors around areas where vulnerable people 
congregate, such as schools or facilities for the elderly. 
 
• Non chemical methods of ectoparasite, pest and weed prevention and control have 
the potential to reduce the ED pesticide exposure of vulnerable groups. Integrating 
measures to make hard surfaces and planted areas more weed and pest resistant into 
their design could be a valuable pesticide use reduction strategy. Further research in 
this area is needed as some of the methods currently in use were found to be more 
costly and challenging to implement than chemical methods. The integration of non 
chemical methods into parasite, pest and weed prevention and control strategies 
should be encouraged, particularly in areas frequented by the vulnerable.  
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Appendix 1. Domestic and Medicinal Pesticide Use 
Questionnaire 
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